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Glossary 


Asynergia  (akinesia)  - lack  of  coordination  among  parts  or  organs  normally 
acting  in  harmony 

Coronary  angiography  - radiographic  visualization  of  coronary  arteries  after 
the  introduction  of  contrast  material 

Diastole  - period  of  relaxation  of  heart  muscle  with  chamber  filling 

Dyssynergia  (dyskinesia)  - disturbance  of  muscular  coordination 

Endocardium  - the  thin  endothelial  lining  of  the  cavities  of  the  heart  and  the 
connective  tissue  bed  on  which  it  lies 

Hypokinesia  - abnormally  decreased  mobility;  abnormally  decreased  motor 
function  or  activity 

Hypoxia  — a low  tissue  oxygen  tension  due  to  low  blood  saturation  or  low  flow 

Ischemia  - deficiency  of  blood  in  a part,  usually  due  to  functional  constriction  or 
actual  obstruction  of  a blood  vessel 

Inotropic  - affecting  the  force  or  energy  of  muscular  contractions 

Infarct  - an  area  of  coagulation  necrosis  in  a tissue  due  to  local  ischemia  resulting 
from  obstruction  of  circulation  to  the  area,  most  commonly  by  a thrombus  or 
embolus 

Infarction  - the  formation  of  an  infarct;  an  infarct 

Mitochondria  - small  organelles  within  the  cytoplasm  that  function  in  cellular 
metabolism  and  respiration;  they  provide  the  principal  source  of  celullar  energy 
through  oxidative  phosphorylation  and  adenosine  triphosphate  (ATP)  synthesis. 

Myocardial  infarction  - necrosis  of  the  myocardium  as  a result  of  interruption  of 
the  blood  supply  to  the  area 

Myocardial  ischemia  - deficiency  of  blood  supply  to  the  myocardium  adjacent 
to  the  endocardium 

Myocardial  hibernation  — chronic  but  potentially  reversible  cardiac  dysfunction 
caused  by  chronic  myocardial  ischemia,  persisting  at  least  until  blood  flow  is 
restored 

Myocardial  perfusion  scintigraphy  - use  of  scintigraphy  to  assess  regional 
myocardial  blood  flow  and  cell  viability7 

Myocardial  stunning  - temporary  impairment  of  contraction  following 
prolonged  ischemia,  lasting  hours  or  days,  and  occurring  despite  a normal  blood 
supply 
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Myocardium  - the  middle  and  thickest  layer  of  the  heart  wall,  composed  of 
cardiac  muscle 

Necrosis  - the  sum  of  the  morphological  changes  indicative  of  cell  death  and 
caused  by  progressive  degradative  action  of  enzymes;  it  may  affect  groups  of 
cells  or  part  of  a structure  or  an  organ 

Perioperative  - pertaining  to  the  period  extending  from  the  time  of 
hospitalization  for  surgery  to  the  time  of  discharge 

Phosphorylation  - the  metabolic  process  of  introducing  a phosphate  group  into 
an  organic  molecule 

Sarcolemma  - a membrane  that  covers  smooth,  striated  and  cardiac  muscle 
fibres 

Scintigraphy  - use  of  a scintillation  camera  to  obtain  2D  images  of  the 
distribution  of  radioactivity  in  tissues  after  the  administration  of  a radioactive 
tracer 

Stenosis  - narrowing  or  stricture  of  a duct  of  canal 

Stunning  - loss  of  function,  analogous  to  unconsciousness 

Systole  - the  period  of  heart  muscle  contraction  resulting  in  a rise  of  pressure 
and  ejection  of  blood 

Transmural  - through  the  wall  of  an  organ;  usually  applied  to  ischemia  or 
infarction  extending  through  or  affecting  the  full  thickness  of  the  left  ventricular 
wall 

Ventriculography  - radiography  of  a ventricle  of  the  heart  following 
introduction  of  contrast  medium 


Sources:  Dorland's  Illustrated  Medical  Dictionary  (28th  edition). 

Mosby's  Medical,  Nursing,  & Allied  Health  Dictionary  (4th  edition). 
Dr.  I.  McDonald  (personal  communication) 
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Abbreviations 

CABG  - coronary  artery  bypass  grafting 

CAD  — coronary  artery  disease 

Cl  - confidence  interval 

DEC  — dobutamine  echocardiography 

DM  - diabetes  mellitus 

Echo  - echocardiography 

FDG  - fluorine-18  (18F-labeled)  fluorodeoxyglucose 
FDI  - functional  diagnostic  imaging 
fMRI  — functional  magnetic  resonance  imaging 
HE  - high  energy 

LDDE  — low  dose  dobutamine  echocardiography 

LEHR  — low-energy  high-resolution 

LE  - low  energy 

LV  — left  ventricular 

LVD  - left  ventricular  dysfunction 

LVEF  — left  ventricular  ejection  fraction 

LVF  - left  ventricular  function 

Ml  - myocardial  infarction 

MRS  — magnetic  resonance  spectroscopy 

MV  - myocardial  viability 

MVD  - multivessel  disease 

NA  - not  available 

NPV  —negative  predictive  value 

PET  - positron  emission  tomography 

PPV  - positive  predictive  value 

prev.  - previous 

pts  - patients 

PTC  A - percutaneous  transluminal  coronary  angioplasty7 
Rb-82  - rubidium-82 
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Revasc  - revascularization 

ROC  - receiver  operating  characteristics 

RWM  — regional  wall  motion 

SPECT  - single  photon  emission  tomography 

Se  - sensitivity 

Segs  - segments 

Sp  - specificity 

SS  - statistically  significant (ly) 

Tc-99m  MIBI  - technetium  99m  sestamibi 
TI-201  - thallium-201 
vs.  - versus 
WM  - wall  motion 
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Introduction 


This  is  the  second  volume  of  an  assessment  of  functional  diagnostic  imaging 
methods  in  imaging  of  the  myocardium.  Volume  1 included  an  overview  of  the 
assessment  findings  and  provided  comments  on  the  place  of  the  FDI  techniques 
in  this  application.  In  this  volume,  further  details  are  given  of  the  assessment 
results,  particularly  for  positron  emission  tomography  (PET),  dobutamine 
echocardiography  (DEC)  and  single  photon  emission  computed  tomographv 
(SPECT)  using  thallium  - 201  or  fluorodeoxy glucose  (FDG). 

Emphasis  is  placed  on  the  accuracy  of  the  FDI  methods  in  the  identification  of 
viable  myocardium  and  on  their  contribution  to  patient  management  and 
outcomes.  Brief  technical  details  of  the  imaging  technologies  are  presented  in 
Volume  1. 
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Positron  emission  tomography  in  assessment  of 
myocardial  viability 

Accuracy  of  PET  in  the  identification  of  viable  myocardium 

In  a recent  review,  Bax  et  al.  (22)  reported  the  results  of  segmental  myocardial 
viability  accuracy  studies  for  FDG  PET  and  other  FDI  technologies  from  1986  to 
1997.  For  PET,  sensitivity  values  ranged  from  71  to  100%  and  specificity  from  38 
to  88%.  Bax  et  al.  combined  the  results  for  each  technology  to  give  weighted 
average  sensitivity  and  specificity  values.  For  PET,  these  were  88%  and  73% 
respectively. 

In  the  case  of  the  twelve  FDG  PET  studies,  there  is  some  doubt  on  the  validity  of 
combining  the  results  for  the  following  reasons: 

• the  papers  were  not  subjected  to  critical  appraisal  and  no  account  was  taken 
of  factors  which  could  cause  bias; 

• in  some  studies  accuracy  calculations  were  based  on  all  dysfunctional 
segments,  while  in  others  they  were  based  only  on  successfully 
revascularized  segments; 

• patient  populations  had  varying  levels  of  severity  of  disease,  as  measured  by 
left  ventricular  ejection  fraction; 

• different  protocols  were  used  for  the  PET  studies,  with  different  approaches 
to  the  identification  of  viability  and  non-viability; 

• different  approaches  were  used  in  image  analysis  - in  particular,  the  number 
of  segments  into  which  the  left  ventricle  was  divided  varied  considerably. 

In  addition,  for  one  paper  (7),  incorrect  figures  (patient-based  echocardiography 
data)  were  listed.  In  another  (68),  the  data  were  for  PET  but  were  patient-based, 
not  segment-based. 

Seventeen  papers  have  been  located  which  address  the  accuracy  of  PET  in 
identifying  viable  regions  in  dysfunctional  myocardium.  They  include  the  12 
studies  identified  by  Bax  et  al.  (22).  For  two  of  these  papers  (31,  111),  it  was 
considered  that  sensitivity  and  specificity  could  not  be  calculated  with  validity. 
A more  recent  paper  (122)  provides  positive  and  negative  predictive  values,  but 
does  not  include  data  that  would  allow  the  calculation  of  sensitivity  and 
specificity. 

In  12  papers,  accuracy  was  calculated  on  a segmental  basis.  In  some  cases  it  was 
based  on  all  dysfunctional  segments,  while  in  others  only  segments  shown  to  be 
revascularized  were  taken  into  account.  In  two  papers,  accuracy  calculations 
were  patient-based.  In  one  paper,  accuracy  data  were  provided  for  both 
segments  and  patients. 
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Table  1 summarizes  the  results  of  the  papers  in  which  accuracy  calculations  were 
based  on  segmental  analysis.  Results  varied  substantially.  Sensitivity7  values 
ranged  from  71%  to  99%,  and  specificity  from  33%  to  86%.  Further  information 
on  each  paper  is  given  in  Table  2. 

Table  3 gives  the  results  of  the  three  patient-based  analyses.  Sensitivity7  ranged 
from  82%  to  96%  and  specificity  from  69%  to  91%.  The  number  of  patients  in 
each  study  was  quite  small  and  the  accuracy  values  would  have  wide  confidence 
intervals. 

A range  of  factors  could  have  affected  the  results  of  these  studies.  They  include 
the  factors  noted  in  the  discussion  above  of  the  review  by  Bax  et  al.,  and  post-test 
selection  bias,  discussed  below. 

For  the  patient  based  analyses,  the  results  for  those  based  on  all  patients, 
including  those  inadequately  revascularized,  would  be  more  closely  related  to 
clinical  reality  than  the  results  based  on  successfully  revascularized  patients 
only. 

Table  1 : Results  of  studies  on  the  accuracy  of  FDG  PET  in  predicting  recovery  of 

myocardial  function  after  revascularization  - segment-based  analysis 


Paper 

Sensitivity 

Specificity 

Tillisch  et  al.  1986(114) 

95% 

80% 

Tamaki  et  al.  1989(112) 

78% 

78% 

Marwick  et  al.  1998  (72) 

71% 

76% 

Lucignani  et  al.  1992  (67) 

93% 

86% 

Gropler  et  al.  1993  (53) 

83% 

50% 

Knuuti  et  al.  1993  (63) 

85% 

84% 

Paolini  et  al.  1994  (87) 

88% 

79% 

Tamaki  et  al.  1995  (109) 

88% 

82% 

Gerber  et  al.  1996  (49) 

75% 

67% 

Baer  et  al.  1996  (7) 

93% 

66% 

vom  Dahl  et  al.  1996  (120) 

92% 

35% 

Wolpers  et  al.  1997(122) 

_ 

_ 

Pagano  et  al.  1998  (83) 

99% 

33% 
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Table  2:  Studies  on  the  accuracy  of  FDG  PET  for  the  assessment  of  myocardial  viability:  patients,  methodology,  results 

(segment-based  analyses) 


Results 

Sensitivity  95% 
Specificity  80% 

PPV  85%,  NPV 
92% 

Sensitivity  78% 
Specificity  78% 

Calculation  not 
possible  from  data 
provided. 

Valid  calculation 
not  possible. 

Sensitivity  71% 
Specificity  76% 

Sensitivity  93% 
Specificity  86% 

Segments  used  in 
accuracy 
calculations* 

All  revascularized 
dysfunctional  segments. 

All  dysfunctional 
segments. 

All  dysfunctional 
segments. 

All  dysfunctional 
segments. 

Reference  method  for 
wall  motion  analysis 

Radionuclide  or  contrast 
ventriculography.  7 LV 
segments  for  analysis. 

Radionuclide 

ventriculography. 

Radionuclide 

ventriculography. 

Echocardiography. 

Echocardiography. 

Radionuclide 

angiography. 

PET  Study  Protocol 

Perfusion-metabolism 
mismatch,  with  N-13 
ammonia  and  FDG. 

12  segments  for  image 
analysis. 

Perfusion-metabolism 
mismatch,  with  N-13 
ammonia  and  FDG. 

5 segments  for  image 
analysis. 

Perfusion-metabolism 
mismatch,  with  N-13 
ammonia  and  FDG. 

9 segments  for  image 
analysis. 

Perfusion-metabolism 
mismatch  with  Rb-82  and 
FDG. 

1 segment  per  patient. 

Perfusion-metabolism 
mismatch  with  Rb-82  and 
FDG. 

13  segments  for  image 
analysis. 

FDG  uptake. 

5 segments  for  image 
analysis. 

Mean 
LVEF  (%) 

32±14 

Not  given 

Not  given 

34  (range 
19-45) 

Not  given 

37.5±4.9 
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Results 

Sensitivity  83% 
Specificity  50% 

Sensitivity  85% 
Specificity  84% 

Sensitivity  88% 
Specificity  79% 

Sensitivity  88% 
Specificity  82% 

Sensitivity  93% 
Specificity  66% 

Sensitivity  75% 
Specificity  67% 

Segments  used  in 
accuracy 
calculations1" 

All  revascularized 
dysfunctional  segments. 

All  revascularized 
dysfunctional  segments. 

All  dysfunctional 
segments. 

All  successfully 
revascularized 
dysfunctional  segments. 

All  successfully 
revascularized 
dysfunctional  segments. 

Anterior  wall  only. 

Reference  method  for 
wall  motion  analysis 

Echocardiography  or 

radionuclide 

ventriculography. 

Echocardiography. 

Radionuclide 

angiography. 

Contrast  or  radionuclide 
ventriculography. 

Transesophageal 

echocardiography. 

Echocardiography. 

PET  Study  Protocol 

FDG  uptake 
8 segments  for  image 
analysis. 

FDG  uptake. 

8 segments  for  image 
analysis. 

Perfusion-metabolism 
mismatch  with  Tc-99m-MIBI 
SPECT  and  FDG  PET. 

5 segments  for  image 
analysis. 

Perfusion-metabolism 
mismatch,  with  N-13 
ammonia  and  FDG. 

5 segments  for  image 
analysis. 

FDG  uptake. 

28  segments  for  image 
analysis. 

Perfusion-metabolism 
mismatch,  with  N-13 
ammonia  and  FDG.  1 
segment  (anterior  wall). 

Mean 
LVEF  (%) 

Not  given 

51±1 1 

22-31 

41 

(range21- 

64) 

40±13 
(range  18- 
55) 

33±10 
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Table  3:  Studies  on  the  accuracy  of  FDG  PET  for  the  assessment  of  myocardial  viability:  patients,  methodology,  results 

(patient-based  analyses) 
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Results  of  C-11  acetate  PET  accuracy  papers 

C-ll  acetate  can  be  used  in  the  measurement  of  both  blood  flow  and  oxidative 
metabolism,  and  has  been  proposed  as  an  alternative  to  FDG  for  PET  viability 
studies  (122).  C-ll  is  a short-lived  isotope  and  can  only  be  used  where  there  is  a 
cyclotron  on  site. 

It  has  been  possible  to  identify  only  three  papers  published  since  1992  on  the 
accuracy  of  C-ll  acetate  in  the  detection  of  viable  myocardium.  One  of  these  (55) 
presented  only  aggregate  data  comparing  groups  with  and  without  viability. 
Table  4 gives  results  for  the  other  two.  These  papers  also  presented  results  of 
FDG  accuracy  studies,  included  in  Tables  1 and  2. 

These  results  suggest  that  C-ll  acetate  PET  is  more  accurate  than  FDG  PET  in  the 
assessment  of  myocardial  viability.  However,  other  workers  report  better  results 
for  PET  than  found  in  these  studies. 

Table  4:  Results  of  studies  comparing  the  accuracy  of  C-11  acetate  and  FDG 

PET  in  predicting  recovery  of  myocardial  function  after 
revascularization  - segment-based  analysis 


Paper 

Sensitivity 

Specificity 

Predictive  values 
(where  provided) 

Gropler  et  al.  (53) 

C-11  acetate:  87% 
FDG:  83% 

C-11  acetate:  71% 
FDG:  50% 

C-11  acetate 

PPV  67%,  NPV  89% 

FDG 

PPV  52%,  NPV  81% 

Wolpers  et  al.  (122) 

C-11  acetate 

PPV  79%,  NPV  90% 

FDG 

PPV  78%,  NPV  85% 
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Appraisal  of  PET  accuracy  papers 

These  papers  were  appraised  according  to  the  criteria  listed  in  Appendix  A.  The 
table  includes  summary  results.  None  of  the  papers  met  all  the  appraisal  criteria. 

Problem  areas  included  study  design,  selection  of  patients,  matching  of  patients 
to  the  target  population  (considered  to  be  patients  with  a left  ventricular  ejection 
fraction  less  than  or  around  35%),  blinding  of  interpreters  of  reference  method 
tests  to  the  results  of  PET,  and  blinding  of  PET  interpreters  to  the  results  of 
pre-operative  ventricular  function  tests  or  clinical  and  angiographic  data. 

Only  six  of  the  17  studies  (35%)  were  clearly  prospective  in  design,  and  in  only 
three  of  these  was  there  adequate  evidence  of  unbiased  patient  selection 
(consecutive  patients  in  these  cases).  Consecutive  patients  were  selected  in  onlv 
five  of  the  11  retrospective  studies,  giving  a total  of  eight  studies  based  on 
consecutive  patients  (47%).  The  study  group  matched  the  target  population  well 
in  only  five  studies  (29%).  Interpreters  of  PET  were  blind  to  clinical  data  and 
results  of  other  tests  in  only  two  cases  (12%)  while  the  interpreters  of  post- 
operative ventricular  function  tests  were  blind  to  the  results  of  PET  in  ten  studies 
(59%). 

A major  problem  in  some  studies  was  post-test  selection  bias,  which  could 
seriously  affect  results.  In  these  accuracy  studies,  performance  of  the  reference 
method  depended  on  revascularization  of  the  patient.  In  at  least  some  of  these 
studies,  selection  for  revascularization  was  based  on  the  PET  study  or  viability 
studies  with  other  techniques.  As  a result,  patients  diagnosed  as  having 
inadequate  or  no  viability  in  dysfunctional  myocardium  were  not  revascularized 
and  did  not  undergo  the  reference  method  test.  This  would  substantially  reduce 
the  numbers  of  segments  with  true  or  false  negative  findings.  Sensitivity  would 
be  artificially  increased  while  specificity  would  be  reduced,  in  comparison  with 
an  unselected  patient  group. 

Five  papers  (53,  83,  87, 120, 122)  included  statements  showing  that  PET  studies 
had  influenced  the  selection  of  patients  for  revascularization.  The  particularly 
high  sensitivities  and  low  specificities  reported  in  two  of  these  papers  (83, 120) 
may  be  due  at  least  in  part  to  this  bias. 

If  the  papers  with  clear  evidence  of  this  bias  are  excluded,  the  ranges  for  reported 
sensitivity  and  specificity  of  segment-based  FDG  accuracy  studies  become 
71-95%  and  66-86%  respectively.  Ranges  for  patient-based  studies  are 
unaffected. 

Five  papers  did  not  include  any  information  on  this  bias,  and  for  these  studies, 
influence  of  viability  studies  on  selection  for  revascularization  cannot  be  ruled 
out.  Seven  papers  (49,  52,  63,  67,  69,  72, 114)  included  information  showing  that 
PET  studies  did  not  influence  selection  for  revascularization.  For  the  six 
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segment-based  studies  in  this  group,  ranges  for  sensitivity  and  specificity  are  71- 
95%  and  67-86%  respectively.  These  papers  are  not  a homogeneous  group.  The 
studies  varied  in  the  types  of  segments  included  in  accuracy  analyses,  imaging 
and  image  analysis  techniques,  the  reference  method  used,  and  the  severity  of 
illness  in  the  patient  population. 

Only  one  patient-based  study  included  a statement  showing  that  PET  did  not 
influence  selection  for  revascularization  (52).  It  reported  a sensitivity  of  82%  and 
a specificity  of  88%.  The  patients  in  this  study  had  less  severe  ventricular 
dysfunction  than  the  target  population. 

Another  possible  source  of  post-test  bias  is  the  influence  of  test  results  on 
revascularization  procedures.  For  example,  a surgeon  may  opt  to  revascularize 
only  those  regions  in  which  viable  myocardium  was  identified  by  PET.  As  a 
result,  viable  segments  incorrectly  identified  as  nonviable  would  probably  not 
recover  function,  and  would  be  classed  as  true  negative  by  the  reference  method. 
Both  sensitivity  and  specificity  would  be  artificially  increased.  Only  three  papers 
(52,  63,  67)  included  information  indicating  that  test  results  had  not  influenced 
revascularization  procedures. 

Overall,  the  quality  of  the  PET  accuracy  studies  is  limited  and  they  provide  only 
limited  evidence  for  the  accuracy  of  PET  in  this  application. 

Contribution  of  PET  myocardial  viability  studies  to  patient 
management  and  outcome 

Ideally,  the  contribution  of  PET  myocardial  assessment  studies  to  patient 
management  and  outcome  would  be  determined  by  a randomized  controlled 
trial  in  which  the  subjects  would  be  patients  with  poor  left  ventricular  function. 
One  arm  would  include  PET  viability  assessments  in  the  patients'  management, 
while  the  other  would  not  include  viability  assessments,  or  would  restrict  them 
to  available  lower  cost  techniques.  Such  a randomized  trial  has  never  been 
undertaken. 

Seven  comparative  studies  (43, 45,  66,  84, 110, 119, 123)  have  been  identified 
which  addressed  the  issue  of  outcomes  for  patients  who  have  undergone  PET 
myocardial  viability  studies.  They  were  appraised  against  the  criteria  in 
Appendix  A.  Details  of  the  papers  are  in  Table  5.  All  but  one  (119)  appeared  to 
be  retrospective,  with  no  evidence  that  patient  selection  was  blinded  to 
outcomes,  although  in  most  cases  it  appears  that  consecutive  patients  were 
chosen.  The  study  population  matched  the  target  population  well  in  only  three 
studies  (43,  45,  84). 

Eitzman  et  al.  (45)  undertook  a retrospective  analysis  of  outcomes  for  82  patients 
who  had  undergone  PET  studies  with  an  average  follow-up  period  of  12  months 
after  PET.  Forty  patients  were  revascularized,  but  no  information  was  given  on 
the  average  time  between  PET  and  revascularization.  Eitzman  et  al.  found  a 
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statistically  significant  increased  number  of  adverse  events  (death,  myocardial 
infarction,  cardiac  arrest  or  late  revascularization)  among  patients  with  PET 
mismatch  regions  who  were  medically  treated,  compared  to  mismatch  patients 
who  were  revascularized,  and  patients  with  no  mismatch. 

The  authors  recognized  that  the  results  might  have  been  affected  bv  selection 
bias  (45).  The  patients'  physicians  were  aware  of  the  results  of  the  PET  studies 
and  could  have  been  influenced  by  them  in  making  management  decisions.  This 
could  result  in  patients  with  mismatch  being  referred  for  revascularization 
unless  they  were  considered  at  particularly  high  risk.  That  is,  the  less  well 
mismatch  patients  could  have  been  selected  for  medical  treatment,  or  had 
revascularization  delayed.  Although  patient  data  indicated  that  the 
revascularized  and  medically  treated  patients  were  reasonably  well  matched, 
these  data  might  not  have  given  a full  picture  of  the  health  state  of  individual 
patients. 

The  follow-up  period  in  this  study  was  short  and  there  was  no  information  on 
the  period  of  follow-up  after  revascularization  for  the  revascularized  patients.  It 
was  noted  that  for  five  patients  placed  in  the  medically  treated  group,  bypass 
surgery  was  planned  (45).  A longer  follow-up  period  might  have  given  different 
results. 

Yoshida  and  Gould  (123)  undertook  an  analysis  of  mortality  for  35  patients  who 
had  undergone  PET,  with  an  average  follow-up  period  of  three  years.  For 
patients  who  had  PET  mismatch,  mortality  was  lower  than  for  those  who  did 
not,  and  the  difference  was  statistically  significant.  Data  on  mortality  rates  for 
revascularized  versus  medical  patients  with  or  without  mismatch,  did  not 
indicate  improved  survival  for  revascularized  patients.  However,  the  results 
were  not  statistically  significant. 

Tamaki  et  al.  (110)  examined  outcomes  for  patients  with  and  without  increased 
FDG  uptake  in  hyopoperfused  myocardium,  who  were  not  revascularized.  In 
comparison  with  a number  of  clinical  and  angiographic  indicators,  FDG  uptake 
was  the  strongest  predictor  of  adverse  cardiac  events,  over  an  average  period  of 
23  months.  In  this  study,  a high  proportion  of  patients  were  lost  to  follow  up,  the 
patients  had  significantly  less  severe  ventricular  dysfunction  than  the  target 
population,  and  there  seemed  to  be  some  confusion  between  viability7  and 
ischemia. 

Di  Carli  et  al.  (43)  examined  differences  in  outcomes  for  a total  of  93  medically 
treated  and  revascularized  patients,  with  or  without  PET  mismatch,  over  an 
average  13.6  month  follow-up  period  after  PET.  No  information  was  provided 
on  the  period  between  PET  and  revascularization.  Di  Carli  et  al.  found  that  for 
mismatch  patients,  survival  was  higher  for  the  revascularized  patients  in 
comparison  with  those  who  were  medically  treated  (88%  vs.  50%).  The 
difference  was  statistically  significant.  Survival  of  medically  treated  mismatch 
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patients  was  also  significantly  lower  than  that  of  medically  treated  patients  with 
no  mismatch  (50%  vs.  92%).  For  patients  with  no  mismatch  regions,  there  was  no 
difference  in  survival  rates  between  medically  treated  and  revascularized 
groups.  Among  the  revascularized  patients,  heart  failure  symptoms  improved 
only  for  those  with  mismatch  regions. 

As  in  the  case  of  the  study  by  Eitzman  et  al.,  the  follow-up  period  in  this  study 
was  short,  no  information  was  provided  on  the  period  of  follow-up  after 
revascularization,  and  selection  bias  may  have  affected  results. 

In  a later  study  involving  some  of  the  patients  in  the  1994  study,  Di  Carli  et  al. 
found  a linear  correlation  between  the  extent  of  PET  mismatch  and  improvement 
in  heart  failure  symptoms  after  CABG  (42). 

In  a retrospective  study  without  clear  information  on  how  patients  were  selected, 
Lee  et  al.  (66)  examined  differences  in  outcome  for  129  medically  treated  and 
revascularized  patients,  with  or  without  viable  dysfunctional  myocardium 
identified  by  PET,  for  an  average  of  17  months  after  PET.  Non-fatal  cardiac 
events  were  significantly  higher  in  the  medically  treated  group  with  PET 
viability  than  in  the  revascularized  patients  with  PET  viability,  or  patients  with 
no  PET  viability.  Deaths  were  associated  with  age  and  low  ejection  fraction, 
rather  than  viability,  and  were  evenly  distributed  across  the  groups. 

A possible  confounding  factor  in  these  studies  is  that  adverse  events  could  be 
related  to  ischemia  (inadequate  blood  perfusion  under  stress  in  normal 
myocardium)  rather  than  to  viable  myocardium  in  dysfunctional  regions.  Lee  et 
al.  examined  the  effect  on  results  of  excluding  patients  with  ischemia  identified 
by  rubidium-82  stress  perfusion  studies.  The  frequency  of  cardiac  events 
remained  higher  in  medically  treated  patients  with  PET  viability  than  in  the 
other  patients  (66). 

In  a prospective  study,  vom  Dahl  et  al.  (119)  examined  differences  in  outcome  for 
medically  treated  and  revascularized  groups,  with  or  without  PET  mismatch, 
over  an  average  29-month  follow-up  period.  Improvement  in  heart  failure 
symptoms  occurred  more  frequently  for  vascularized  patients  with  mismatch 
than  for  medically  treated  mismatch  patients.  The  difference  was  statistically 
significant.  The  subjects  in  this  study  had  relatively  mild  left  ventricular 
dysfunction  and  did  not  match  the  target  population  well. 

Pagano  et  al.  (84)  examined  outcomes  for  a group  of  patients  who  all  underwent 
CABG,  an  average  six  months  after  the  procedure.  They  found  statistically 
significant  associations  of  low  LVEF  and  low  percentage  of  viable  myocardium 
with  early  death.  The  amount  of  viable  dysfunctional  myocardium  was  a 
statistically  significant  predictor  of  LVEF  improvement  but  not  of  exercise 
performance  or  quality  of  life,  which  improved  for  all  patients.  A major 
weakness  of  this  study  was  the  short  follow  up  period. 
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Two  observational  studies  of  outcomes  have  been  identified  (87, 113).  Paolini  et 
al.  (87)  followed  up  17  patients  who  were  assessed  for  CABG  on  the  basis  of  PET 
studies,  for  an  average  28  months.  Nine  patients  with  PET  mismatch  underwent 
CABG.  There  were  no  deaths  in  this  group  and  for  seven  patients,  clinical  status 
improved.  There  were  two  deaths  in  the  group  who  did  not  undergo  CABG,  and 
for  three  other  patients,  clinical  status  worsened. 

Tan  et  al.  (113)  followed  up  33  patients  who  were  assigned  to  revascularization 
or  medical  treatment  on  the  basis  of  PET  viability  findings.  In  the  group  with 
positive  viability  results,  14  underwent  CABG  and  five  underwent  PTCA.  The 
mortality  rate  was  10.5%.  There  was  a significant  improvement  in  LVEF  and 
heart  failure  symptoms  after  revascularization.  In  the  medically  treated  group, 
the  mortality  rate  was  14%  and  there  was  a smaller  improvement  in  symptoms. 

One  study  has  examined  the  impact  of  PET  myocardial  viability  assessments  on 
clinical  decision  making.  Beanlands  et  al.  (23)  used  a questionnaire  to  physicians 
before  and  after  PET  studies  to  measure  the  influence  of  PET  on  management 
choices.  They  found  that  the  PET  studies  influenced  management  choices  in  57% 
of  all  cases,  and  in  71  % of  those  with  left  ventricular  ejection  fraction  less  than 
30%. 

In  summary,  there  is  some  evidence  that  PET  viability  studies  predict  improved 
outcomes  after  revascularization.  However,  because  of  problems  such  as  short 
follow-up  periods,  the  possibility  of  selection  bias,  and  small  sample  size,  the 
evidence  to  date  cannot  be  considered  conclusive. 
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Table  5:  PET  myocardial  viability  comparative  outcomes  studies:  patients  and  results 
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Table  5:  PET  myocardial  viability  comparative  outcomes  studies:  patients  and  results  (cont'd) 
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Dobutamine  echocardiography  in  assessment  of 
myocardial  viability 

Accuracy  studies 

The  review  by  Bax  et  al.  (22)  listed  16  papers  on  the  accuracy  of  dobutamine 
echocardiography  in  the  detection  of  viability  in  dysfunction  myocardium. 
Sensitivities  ranged  from  71  to  97%  and  specificities  from  63  to  96%.  Combined 
values  were  84%  for  sensitivity  and  81%  for  specificity.  As  with  PET  studies,  the 
validity  of  combining  results  is  doubtful,  for  similar  reasons. 

In  this  assessment,  29  papers  dealing  with  the  accuracy  of  dobutamine 
echocardiography  have  been  identified.  Some  of  these  were  not  primarily 
concerned  with  the  accuracy  of  dobutamine  echocardiography  but  were 
principally  comparative  studies  or  studies  of  particular  types  of  patients.  They 
were  included  if  accuracy  measures  were  presented  or  extractable  from  the 
published  data. 

Of  these  29  papers,  21  presented  segment-based  analyses  only,  six  were  both 
segment-based  and  patient-based  analyses,  and  two  were  patient-based  only. 

The  reference  method  used  in  these  studies  was  echocardiographic  analysis  of 
wall  thickening  and  motion  before  and  after  revascularization.  Viable  segments 
were  defined  as  those  with  improved  function  after  revascularization.  For 
patient-based  studies,  viability  was  defined  on  the  basis  of  improved  segmental 
function,  and/  or  improvement  in  the  function  of  the  entire  left  ventricle,  such  as 
improvement  in  LVEF. 

Table  6 gives  the  results  for  segmental  studies  using  low-medium  dose 
dobutamine.  Sensitivity  values  ranged  from  60%  to  97%,  while  specificities 
ranged  from  30  to  94%.  If  five  papers  with  clear  evidence  of  post-test  selection 
bias  are  excluded  (discussed  below),  the  ranges  become  71-97%  and  30-95% 
respectively.  For  the  ten  papers  providing  statements  showing  that  the  viability 
tests  in  these  studies  did  not  influence  selection  for  revascularization,  the  ranges 
become  71-97%  and  62-95%  respectively. 

Table  7 gives  results  for  patient-based  studies  using  low-medium  dose 
dobutamine.  Sensitivity  ranged  from  82%  to  100%  and  specificity  from  70%  to 
88%.  The  range  for  sensitivity  was  unchanged,  and  the  range  for  specificity 
changed  slightly,  to  70-86%,  by  exclusion  of  the  one  paper  without  evidence  that 
selection  for  revascularization  was  independent  of  the  test. 

Table  8 gives  results  for  segment-based  studies  using  high  dose  dobutamine  and 
the  biphasic  response.  The  range  for  sensitivity  was  60-87%,  and  83-90%  for 
specificity.  Exclusion  of  one  paper  with  no  statement  on  the  relationship 
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between  the  test  and  selection  for  revascularization,  changes  the  range  for 
specificity  to  83-89%,  and  does  not  affect  sensitivity. 

Table  9 gives  patient-based  results  with  this  technique.  Sensitivity  ranged  from 
80%  to  92%,  and  specificity  from  81%  to  90%.  All  papers  provided  statements 
that  the  studies  did  not  influence  selection  for  revascularization. 

While  the  results  with  high-dose  dobutamine  appear  to  be  good,  the  adverse 
effects  of  this  test  need  to  be  taken  into  account.  In  addition,  confidence  intervals 
would  be  wide  in  the  patient  studies. 


Table  6:  Results  of  accuracy  studies  with  low  or  low-medium  dose  dobutamine 

echocardiography  - segment-based  analyses 


Paper 

Sensitivity 

(%) 

Specificity 

(%) 

Predictive  values 
(where  reported) 

Marzullo  et  al. 
1993  (66) 

82 

92 

Alfieri  etal.  1993  (3) 

91 

78 

La  Canna  et  al. 
1994  (65) 

92 

75 

Chamey  et  al.  1994 
(34) 

71 

93 

Perrone-Filardi  et  al. 
1995  (88) 

88 

87 

PPV  91%,  NPV  82% 

Arnese  et  al.  1995  (6) 

74 

95 

PPV  85%,  NPV  93% 

DeFilippi  et  al.  1995 
(41) 

97 

73 

Senior  et  al.  1995  (106) 

87 

82 

Haqueetal.  1995  (54) 

94 

80 

Gerber  et  al.  1996  (49) 

71 

87 

Baeret  al.  1996  (7) 

89 

77 

Vanoverschelde  et  al. 
1996(118) 

76 

86 

Picano  et  al.  1996  (90) 

72 

92 

Perrone-Filardi  et  al. 
1996  (89) 

79 

83 

Bax  et  al.  1996(14) 

85 

63 

Kostopoulos  et  al.  1996 
(64) 

86 

94 

Cornel  etal.  1997  (39) 

89 

82 

Scognamiglio  et  al. 
1997  (105) 

86 

81 

Cornel  et  al.  1997  (38) 

92 

62 

Meza  et  al.  1997  (77) 

79-80 

30-36 

Pagano  et  al.  1998  (83) 

60 

62 

Elsasseret  al.  1998 
(47) 

95 

80 
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Table  7:  Results  of  accuracy  studies  with  low  or  low-medium  dose  dobutamine 

echocardiography  - patient-based  analyses 


Paper 

Sensitivity,  %, 

Specificity,  % 

Predictive  values 
where  reported,  % 

Ciqarroa  et  al.  1993  (65) 

82 

86 

Baeret  al.  1996  (7) 

92 

88 

Vanoverschelde  et  al.  1996 
(118) 

88  (all  patients) 

87  (patients  with 
pre-op  LVEF  <35%) 

77  (all  patients) 

70  (patients  with 
pre-op  LVEF  <35%) 

Afridi  et  al.  1996  (2) 

Not  reported 

Not  reported 

Pre-op.  occluded  artery: 
PPV  100  (48-100)* 

NPV  86  (42-100)* 
Pre-op.  stenotic  artery: 
PPV  83  (36-99)* 

NPV  100  (58-100)* 

Cornel  et  al.  1997  (39) 

100 

80 

*95%  confidence  intervals  calculated  by  the  authors. 


Table  8:  Results  of  accuracy  studies  with  low  to  high  dose  dobutamine  with  the 

biphasic  response  as  viability  predictor  - segment-based  analyses 


Paper 

Sensitivity  (%) 

Specificity  (%) 

Predictive  values 
(where  reported) 

Afridi  et  al.  1995  (6) 

60 

88 

Elhendy  etal.  1997  (46) 

71  (65-78)* 

90  (86-95)* 

Qureshi  et  al.  1997  (92) 

74 

89 

Nagueh  et  al.  1997  (80) 

68 

83 

Cornel  et  al.  1998  (37) 

83  (77-89)*  14 
months  after 
revascularization 

88  (85-91)*  14 
months  after 
revascularization 

PPV  75  (69-81)*,  NPV  92 
(89-95)*  14  months  after 
revascularization 

*95%  confidence  intervals  calculated  by  the  authors. 


Table  9:  Results  of  accuracy  studies  with  low  to  high  dose  dobutamine  with  the 

biphasic  response  as  viability  predictor  - patient-based  analyses 


Paper 

Sensitivity,  % 

Specificity,  %, 

Predictive  values 
where  reported,  % 

Afridi  et  al.  1995  (6) 

80 

90 

Qureshi  et  al.  1997  (92) 

85 

83 

Cornel  et  al.  1998  (37) 

89  (all  patients) 
92  (patients  with 
LVEF  <35%) 

81  (all  patients) 
81  (patients  with 
LVEF  <35%) 

PPV  71 , NPV  95  (patients 
with  LVEF  <35%) 
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Appraisal  of  accuracy  studies  with  dobutamine  echocardiography 

These  papers  were  appraised  according  to  the  criteria  listed  in  Appendix  A.  As 
with  the  papers  on  the  PET  accuracy,  problem  areas  included  study  design, 
selection  of  patients,  matching  of  patients  to  the  target  population,  blinding  of 
interpreters  of  tests  and  post- test  selection  bias. 

Only  41  % of  the  studies  were  clearly  prospective  in  design,  and  consecutive 
patients  were  selected  in  only  48%  of  all  studies.  The  study  group  matched  the 
target  population  well  in  only  34%  of  studies.  While  the  interpreters  of 
dobutamine  echocardiography  were  blind  to  clinical  and  other  test  data  in  66% 
of  studies,  interpreters  of  reference  method  echocardiography  were  blind  to 
dobutamine  echocardiography  results  in  only  41%  of  studies. 

There  was  a greater  awareness  of  the  problem  of  post-test  selection  bias  in  the 
echocardiography  literature  than  in  the  PET  studies.  In  59%  of  papers,  there 
were  statements  indicating  that  selection  for  revascularization  was  independent 
of  viability  tests.  In  14%  of  papers  there  were  statements  showing  that  viability 
tests  had  influenced  selection.  The  remainder  (27%)  provided  no  information,  or 
statements  that  were  ambiguous. 

Nine  papers  (31%)  provided  evidence  that  revascularization  procedures  were  not 
affected  by  test  results.  Only  four  papers  had  evidence  that  they  were  free  of 
both  these  biases. 

Accuracy  studies  with  other  echocardiographic  techniques 
Use  of  dipyrimadole 

Dipyrimadole  is  a vasodilator  frequently  used  in  perfusion  studies.  Picano  et  al. 
compared  very-low  dose  dipyrimadole  alone  with  low  dose  dobutamine  alone, 
and  a combination  of  the  two,  in  a segment-based  accuracy  study  of  viability. 
There  were  no  significant  side  effects. 

Table  10  gives  the  results.  They  suggest  that  the  combined  dipyrimadole- 
dobutamine  technique  may  be  more  effective  than  dobutamine  alone.  This 
would  need  to  be  confirmed  by  other  studies. 


Table  10:  Results  of  accuracy  study  by  Picano  et  al.  (90)  with  very  low  dose 
dipyrimadole  and  low  dose  dobutamine  - segment  based  analysis 


Technique 

Sensitivity  (95% 
CIs) 

Specificity 
(95%  CIs) 

Low-dose  dobutamine 

72  (61-81) 

92  (82-97) 

Infra-low  dose  dipyrimadole 

67  (56-77) 

95  (87-99) 

Combined  dipyrimadole- 
dobutamine 

94  (86-98) 

89  (78-95) 
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Use  of  postextrasystolic  potentiation  (PESP) 

Scognamiglo  et  al.  have  examined  the  use  of  PESP  as  the  inotropic  stimulus  in 
echocardiographic  studies  (105).  Their  results  suggested  that  the  PESP  technique 
(sensitivity  92%,  specificity  86%)  may  be  more  accurate  than  dobutamine 
echocardiography  (sensitivity  86%,  specificity  81%).  These  results  would  need  to 
be  confirmed  by  other  studies. 

This  technique  may  be  unpleasant  for  patients,  as  it  involves  insertion  of  an 
electrode  through  the  nose  into  the  esophagus.  It  would  also  require  specific 
expertise. 

Myocardial  contrast  echocardiography  (MCE) 

MCE  is  a technique  in  which  an  echocardiographic  contrast  medium  is  used  to 
image  myocardial  perfusion.  It  has  been  compared  with  dobutamine 
echocardiography  for  the  assessment  of  myocardial  viability  in  three  studies  (41, 
77,  80).  The  results  are  given  in  Table  11.  They  indicate  that  while  the  sensitivity 
of  MCE  is  comparable  to  that  of  dobutamine  echocardiography,  its  specificity  is 
lower. 

This  technique  currently  requires  cardiac  catheterization.  It  would  involve 
higher  costs  and  perhaps  greater  risk  to  patients  than  dobutamine 
echocardiography.  At  this  stage  there  appears  to  be  no  evidence  to  justify  its  use 
in  this  application. 


Table  1 1 : Results  of  comparisons  of  accuracy  of  dobutamine  echocardiography 
(DobE)  and  MCE  in  viability  studies 


Study 

Sensitivity 

Specificity 

DeFilippi  et  al.  1995  (41) 

DobE:  97% 
MCE:  98% 

DobE:  73% 
MCE:  52% 

Nagueh  et  al.  1997  (80) 

DobE:  91% 
MCE:  89% 

DobE:  66% 
MCE:  57% 

Meza  et  al.  1997  (77) 

DobE:  79-80% 
MCE:  84% 

DobE:  30-36% 
MCE:  19-26% 

Contribution  of  dobutamine  echocardiography  myocardial  viability  studies 
to  patient  management  and  outcome 

Two  studies  (5, 121)  have  been  identified  which  examined  outcomes  for  patients 
who  had  undergone  dobutamine  echocardiography  viability  studies.  Both  were 
retrospective  studies  of  consecutive  patients. 

Williams  et  al.  (121)  followed  up  108  medically  treated  patients  identified  as 
having  myocardial  scar,  or  ischemic  or  viable  tissue,  an  average  of  16  months 
after  the  dobutamine  echocardiography  study,  for  major  cardiac  events.  These 
were  elderly  patients  with  a mean  LVEF  of  30%.  The  event  rate  was  significantly 
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higher  in  those  with  viable  or  ischemic  myocardium,  independently  of  LVEF  and 
age.  There  was  no  significant  difference  in  event  rates  between  viable  and 
ischemic  patients. 

These  results  support  those  of  Eitzman  et  al.  (45),  but  do  not  accord  with  those  of 
Nesto  et  al.  (81),  who  found  that  that  medically  treated  patients  with  contractile 
reserve  had  significantly  higher  five  year  survival  than  those  without  it.  The 
patients  in  the  study  by  Nesto  et  al.  apparently  had  a similar  level  of  ventricular 
dysfunction  to  those  in  the  study  by  Williams  et  al.,  but  were  younger. 

Anselmi  et  al.  (5)  examined  differences  in  outcome  for  medically  treated  and 
revascularized  groups,  with  or  without  viability,  over  an  average  16  month 
follow-up  period  after  therapeutic  intervention.  Major  cardiac  events  were 
identified.  The  incidence  of  cardiac  death  was  lower  for  revascularized  patients 
with  viability  than  for  the  other  groups,  but  the  differences  were  not  statistically 
significant.  For  patients  with  LVEF  less  than  34%,  nonfatal  cardiac  events  were 
significantly  fewer  in  revascularized  patients  with  viability,  and  medically 
treated  patients  without  viability,  than  the  other  groups. 

In  this  study  there  appears  to  have  been  some  double  counting  of  events.  In  11 
cases,  events  resulting  from  previous  events  were  counted  together  with  the 
previous  events. 

Over  50%  of  the  patients  in  this  study  had  recent  myocardial  infarction  at  the 
time  of  echocardiography.  As  well  as  hibernating  myocardium,  the  study  might 
have  identified  some  stunned  myocardium,  which  can  recover  spontaneously. 

Details  of  these  papers  and  the  study  by  Nesto  et  al.  are  given  in  Table  12. 
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Table  12:  Myocardial  viability  outcome  studies  based  on  contractile  reserve:  patients  and  results 
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Comparisons  of  accuracy  of  PET  and  DEC 

A number  of  studies  have  compared  the  results  of  PET  and  dobutamine 
echocardiography  assessments  of  myocardial  viability,  without  proceeding  to 
measurement  of  recovery  of  function  after  revascularization.  In  a sense,  in  these 
studies,  PET  was  regarded  as  the  gold  standard.  Given  the  variability'  of  PET 
accuracy  results,  it  is  not  a perfect  gold  standard,  and  these  studies  have  very 
limited  value. 

Examples  of  studies  of  this  kind  are  those  by  Baer  et  al.  (8),  Mariani  et  al.  (69), 
and  Chan  et  al.  (33).  In  all  these  studies,  DEC  gave  fewer  positive  results  than 
PET. 

Three  studies  have  been  identified  which  compare  the  results  of  both  techniques 
with  recovery  of  function  after  revascularization.  Their  results  are  given  in  Table 
13.  It  should  be  noted  that  the  paper  by  Pagano  et  al.  (83)  included  a statement 
that  revascularization  decisions  were  based  on  the  presence  of  viability.  That  is, 
this  study  was  subject  to  substantial  post-test  selection  bias. 

Although  these  results  vary  greatly,  they  consistently  indicate  that  dobutamine 
echocardiography  has  a lower  sensitivity  and  a higher  specificity  than  PET. 

Table  14  compares  ranges  for  sensitivity  and  specificity  for  PET  and  dobutamine 
echocardiography,  from  studies  in  which  revascularization  decisions  were  not 
influenced  by  the  results  with  these  techniques.  Overall,  the  figures  suggest  that 
echocardiography  would  be  at  least  comparable  to  PET  in  this  application. 

These  echocardiography^  results  have  for  the  most  part  been  obtained  at 
institutions  with  substantial  experience  in  the  technique.  It  has  been  suggested 
that  the  accuracy  of  the  method  will  decrease  as  it  becomes  more  widely^  utilized 
by  less  experienced  observers  (117). 

To  achieve  and  maintain  the  level  of  expertise  required  for  this  technique, 
relatively  high  throughputs  would  be  required.  It  would  be  desirable  for  these 
services  to  be  concentrated  in  relatively  few  institutions,  rather  than  widely 
dispersed. 


Table  13:  Comparisons  of  the  accuracy  of  PET  and  DEC 

Study 


Baer  et  al.  (7)  Gerber  et  al.  (49)  Pagano  et  al.  (83) 


PET 

DobE 

PET 

DobE 

PET 

DobE 

Sensitivity 

93% 

89% 

99% 

60% 

(segment-based) 

Specificity 

(segment-based) 

66% 

77% 

33% 

62% 

Sensitivity 

(patient-based) 

96% 

92% 

75% 

71% 

Specificity 

(patient-based) 

69% 

88% 

67% 

87% 

Table  14:  Sensitivity  and  specificity  ranges  from  PET  and  DEC  studies  where  the  tests 

did  not  influence  decisions  on  revascularization 


Technique 

Sensitivity 

Specificity 

Segment-based 

PET 

71-95 

67-86 

Dobutamine  echocardiography  (low- 
medium  dose) 

71-97 

62-95 

Dobutamine  echocardiography  (high  dose) 

60-87 

83-89 

Patient-based 

PET 

82 

88 

Dobutamine  echocardiography  (low- 
medium  dose) 

82-100 

70-86 

Dobutamine  echocardiography  (high  dose) 

74-92 

73-83 
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Outcome  studies  based  on  PET  or  DEC 


The  basic  argument  for  viability  studies  is  that  they  will  allow  selection  of 
patients  with  viable  dysfunctional  myocardium  who  will  benefit  from 
revascularization  in  the  following  ways: 

• survival  will  be  improved  for  patients  with  viability  if  they  are 
revascularized; 

• these  patients  will  suffer  fewer  adverse  events  if  they  are  revascularized; 

• they  will  experience  greater  improvement  of  symptoms  if  they  are 
revascularized; 

• these  patients  will  be  at  particularly  high  risk  if  they  are  not  revascularized; 

• patients  with  no  viability  will  not  benefit  from  revascularization  and  can  be 
excluded. 

Table  15  gives  the  number  of  papers  providing  statistically  significant  evidence 
for  each  point. 

In  summary,  only  limited  evidence  exists  for  improved  survival  for  patients  with 
viability  if  they  are  revascularized,  and  only  in  the  short  term  (43).  There  is  more 
evidence  that  they  will  experience  fewer  adverse  cardiac  events,  and  that  then- 
symptoms  will  improve,  again  in  the  short  term  (5, 43,  45,  66, 119).  Evidence  is 
conflicting  on  the  question  of  whether  medically  treated  patients  with  viable 
myocardium  have  poorer  outcomes  than  those  who  do  not.  Although  there  is 
some  evidence  of  better  survival  in  the  long  term  (81),  four  papers  indicate  that 
in  the  short  term,  they  may  have  more  adverse  cardiac  events  (45,  66, 110, 121). 
Most  of  this  evidence  has  been  obtained  with  groups  with  less  severe  ventricular 
dysfunction  than  the  target  population. 

Multi-centre  studies  with  larger  number  of  patients  matching  the  target 
population,  and  longer  follow-up  periods  would  be  desirable  to  confirm  the 
benefits  of  selection  of  patients  with  viable  myocardium  for  revascularization. 

Consideration  of  revascularization  for  these  patients  must  weigh  the  evidence  of 
benefits  against  the  risks  of  the  procedure.  For  CABG,  the  mortality  may  be 
around  10%  even  at  highly  experienced  institutions.  For  FTCA,  where  it  can  be 
used,  the  risk  of  failure  is  high.  Ultimately,  the  decision  must  be  made  by  the 
patient,  who  should  be  fully  informed  of  both  the  risks  and  the  level  of  evidence 
for  benefit. 
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Table  15:  Summary  of  findings  of  outcomes  papers 


Finding 

Number  of  papers  reporting  finding 

Improved  survival  for  V+  patients  if  revascularized 

1 (43) 

Fewer  adverse  events  for  V+  patients  if 
revascularized 

3 (5,  45,  66) 

Improved  symptoms  for  V+  patients  if 
revascularized 

2 (43,  119) 

Lower  survival  for  medically  treated  V+  patients  in 
comparison  with  V-  patients. 

1(43) 

Better  survival  for  medically  treated  V+  patients  in 
comparison  with  V-  patients. 

1(81) 

More  adverse  cardiac  events  for  medically  treated 
V+  patients  in  comparison  with  V-  patients. 

4 (45,  66,  110,  121) 

No  benefits  for  revascularized  V-  patients 
compared  to  medically  treated  V-  patients 

1 (43) 

V+:  patients  with  viable  myocardium  in  dysfunctional  regions  of  the  left  ventricle. 

V- : Patients  with  no  viable  myocardium  in  dysfunctional  regions  or  insufficient  to  have  an  effect. 

Further  details  of  accuracy  studies  with  DEC 

Further  details  of  accuracy  studies  with  DEC  are  shown  in  Tables  16  and  17. 
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methodology,  results  (segment-based  analyses) 
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methodology,  results  (segment-based  analyses)  (cont'd) 
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methodology,  results  (segment-based  analyses)  (cont'd) 
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Thallium-201  SPECT  and  planar  gamma  camera  imaging 
in  the  assessment  of  myocardial  viability 

Correlation  studies  with  thallium-201 

Some  studies  have  compared  thallium-201  with  PET  or  dobutamine 
echocardiography  in  the  assessment  of  myocardial  viability,  without  proceeding 
to  measurement  of  recovery  of  function  after  revascularization.  These  studies 
are  correlations  rather  than  accuracy  studies.  For  example,  Tamaki  et  al.  (Ill) 
compared  thallium-201  stress-redistribution-reinjection  SPECT  with  FDG  PET 
and  found  that  25%  of  segments  classified  as  non-viable  in  the  thallium  study 
were  classified  as  viable  by  PET.  Burt  et  al.  (28)  compared  thallium-201 
rest-redistribution  SPECT  with  FDG  PET  and  found  that  23%  of  segments 
classified  as  non-viable  by  thallium  were  classified  as  viable  by  PET.  Panza  et  al. 
(86)  found  that  36%  of  segments  classified  as  viable  by  thallium-201  SPECT  were 
nonviable  according  to  dobutamine  echocardiography. 

Two  studies  included  correlation  of  thallium-201  with  MRI  findings.  Morguet  et 
al.  used  gradient-echo  MRI  and  SPECT  to  correlate  thallium-201  uptake  with 
systolic  wall  thickening  after  revascularisation.  Thickening  was  seen  in  six 
segments  with  mild  or  moderate  persistent  defects  but  not  in  six  with  severe 
persistent  defects.  A study  by  Lawson  et  al.  considered  the  relationship  between 
thallium-201  uptake  and  left  ventricular  wall  thickness,  and  is  considered  further 
in  the  chapter  on  MRI  in  Volume  1. 

Accuracy  studies  with  thallium-201 

Bax  et  al.  (22)  identified  15  papers  in  which  the  accuracy  of  thallium-201 
myocardial  viability  studies  was  determined  against  the  gold  standard  of  post- 
revascularization functional  recovery.  Seven  of  these  were  based  on  the  stress- 
redistribution-reinjection  technique,  while  in  eight  the  rest-redistribution 
approach  was  used.  Combined  figures  for  these  studies  gave  sensitivity  and 
specificity  values  of  86%  and  47%  for  the  reinjection  technique  and  90%  and  54% 
for  the  rest-redistribution  technique. 

In  this  assessment  a total  of  24  papers  on  the  accuracy  of  thallium-201 
myocardial  viability  studies  have  been  identified.  For  three  of  these  (44,  79,  82), 
which  were  included  in  the  review  by  Bax  et  al.  (22),  it  was  considered  that  the 
data  provided  did  not  allow  valid  calculation  of  sensitivity  and  specificity.  In 
two  cases  (44,  82),  the  data  provided  were  based  on  the  number  of  abnormal 
segments  identified  by  thallium-201  imaging,  not  the  total  number  of 
dysfunctional  segments  identified  by  the  reference  method.  In  the  third  case 
(79),  correlations  were  calculated  between  redistribution,  or  high  initial  uptake, 
and  functional  improvement,  but  the  data  did  not  allow  meaningful  calculation 
of  sensitivity  and  specificity.  One  of  the  papers  (79)  gave  data  which  have  been 
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used  to  calculate  patient-based  accuracy  results  (99),  but  lacked  an  adequate 
definition  of  a criterion  for  the  prediction  of  functional  improvement. 

Details  of  these  papers  are  included  in  Table  25  at  the  end  of  this  section  but  they 
are  not  included  in  the  appraisals  and  assessments  of  results  discussed  below. 

All  the  remaining  21  papers  gave  segment-based  accuracy  data.  Three  papers 
also  gave  patient-based  data  . The  imaging  technique  was  SPECT  in  16,  planar  in 
three,  both  in  one  and  unidentified  in  one.  In  eight  of  the  studies,  the  stress- 
redistribution-reinjection  approach  was  used,  while  in  13  it  was  rest- 
redistribution. 

In  the  segment-based  studies,  viable  dysfunctional  segments  were  defined  as 
those  with  improved  function  after  revascularization.  Echocardiography  was 
most  commonly  used  as  the  reference  method  for  assessment  of  segmental 
function  before  and  after  revascularization,  but  radionuclide  ventriculography 
and  contrast  ventricular  angiography  were  also  used.  In  the  patient-based 
analyses,  viability  was  defined  as  improvement  in  LVEF  after  revascularization. 

Details  of  these  papers  are  given  in  Tables  25  and  26.  Twelve  of  the  papers 
compared  thallium-201  imaging  and  echocardiography. 

Results  of  thallium-201  accuracy  studies 

Table  18  gives  the  results  for  segment-based  studies  using  the  stress- 
redistribution-reinjection  technique.  Sensitivities  ranged  from  72%  to  100%  and 
specificities  from  38%  to  98%.  Only  one  of  the  eight  papers  reported  a sensitivity 
and  specificity  both  above  70%.  The  remainder  gave  sensitivity  values  in  the 
range  77-100%  and  specificities  in  the  range  38-69%. 

Table  19  gives  results  for  segment-based  studies  using  the  rest-redistribution 
technique.  Sensitivities  ranged  from  70%  to  100%  and  specificities  from  22%  to 
92%.  Six  of  the  thirteen  papers  reported  sensitivities  and  specificities  both  above 
70%.  For  the  remainder,  sensitivity  ranged  from  70%  to  100%  and  specificity 
from  22%  to  65%. 
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Table  18:  Results  of  segment-based  thallium-201  accuracy  studies  using  the 
stress-redistribution-reinjection  technique 


Paper 

Sensitivity  (%) 

Specificity  (%) 

Tamaki  et  al.  1991  (111) 

95 

38 

Arnese  et  al.  1995  (6) 

89 

48 

Haque  et  al.  1995  (54) 

- stress-redistribution  only 

91 

50 

- reinjection 

100 

40 

Vanoverschelde  et  al.  (1 18) 

77 

56 

Bax  et  al.  1996  (14) 

93 

43 

Kostopoulos  et  al.  (64) 

91 

69 

Marie  et  al.  1997  (70) 

- defect  reversibility>  50%  uptake 

72 

64 

91 

45 

Elsasser  et  al.  1998  (47) 

87 

98 

Table  19:  Results  of  segment-based  thallium-201  accuracy  studies  using  the 
rest-redistribution  technique 


Paper 

Sensitivity  (%) 

Specificity  (%) 

Marzullo  et  al.  1993  (73) 

86 

92 

Ragosta  et  al.  1993  (93) 

91 

31 

Alfieri  etal.  1993  (3) 

93 

44 

Charney  et  al.  1994  (34) 

95 

85 

Udelson  etal.  1994  (116) 

88 

83 

Marzullo  etal.  1995  (74) 

91 

73 

Senior  et  al.  1995  (106) 

92 

78 

Perrone-Filardi  et  al.  (89) 

100 

22 

Qureshi  et  al.  1997  (92) 

90 

56 

Nagueh  et  al.  1997  (80) 

91 

43 

Matsunari  et  al.  1997  (75) 

92 

33 

Sciagra  et  al.  1997  (103) 

70 

65 

Sciagra  et  al.  1998  (47) 

81 

70 

These  results  were  examined  in  relation  to  the  quality  of  the  papers,  in  particular, 
to  study  design  and  the  presence  or  absence  of  post  test  selection  bias.  The 
results  are  summarized  in  Table  20.  It  is  striking  that  all  papers  with  both 
sensitivities  and  specificities  equal  to  or  above  70%  fall  into  the  category  of 
retrospective  studies  which  did  not  involve  consecutive  patients.  In  contrast, 
only  25%  of  the  PET,  and  29%  of  the  echocardiography  segment-based  accuracy 
studies,  with  sensitivity  and  specificity  values  of  70%  or  more,  fell  into  this 
category. 

Post-test  selection  bias  would  be  expected  to  increase  sensitivities  and  reduce 
specificities.  The  data  in  Table  20  indicate  that  while  it  may  have  had  an  effect  in 
some  studies,  particularly  in  those  which  gave  specificities  of  50%  or  less,  it  was 
not  the  only  factor  contributing  to  high  sensitivities  and  low  specificities. 
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For  thallium-201  segment-based  studies  which  were  prospective,  or  retrospective 
with  consecutive  patients,  and  which  were  believed  to  be  free  of  post-test 
selection  bias,  sensitivity  and  specificity  ranges  were  77-100%  and  40-56%  for  the 
reinjection  technique,  and  90-91%  and  31-56%  for  the  rest-redistribution 
technique. 

Values  obtained  for  sensitivity  and  specificity  will  depend  on  the  criteria  used  to 
distinguish  viable  from  non-viable  segments.  Three  papers  (75, 104, 118) 
presented  ROC  curves,  which  indicate  that  no  thallium-201  uptake  figure  would 
give  high  values  for  both  sensitivity  and  specificity. 

In  most  studies,  the  reference  method  used  was  echocardiography,  a very 
different  technique  from  thallium-201  SPECT  or  planar  scintigraphy.  It  is 
possible  that  difficulties  in  matching  images  could  lead  to  errors,  and  could 
account  for  poor  results.  The  nuclear  medicine  technique  radionuclide 
ventriculography  might  be  expected  to  allow  more  accurate  matching.  This  is 
not  borne  out  by  the  results  from  three  studies  (75,  93,  111)  in  which  radionuclide 
ventriculography  alone  was  the  reference  method.  In  these  studies  sensitivity 
ranged  from  91%  to  95%  and  specificity  from  31%  to  38%.  One  of  these  studies 
(93)  is  believed  to  have  been  free  of  post-test  selection  bias. 

In  summary,  the  results  of  the  better  quality  studies  indicate  that  while  low  false 
negatives  rates  can  be  achieved  in  the  detection  of  viable  segments  with 
thallium-201  imaging,  false  positive  rates  will  be  high. 

Table  20:  Results  of  segment-based  thallium-201  accuracy  studies  in  relation  to 
study  design  and  post-test  selection  bias 


Appraisal  criterion 

Number  of  papers  (percent  in  category) 

Sensitivity  and 
specificity  both  > 
70% 

Sensitivity  > 70%, 
specificity  < 70% 

Sensitivity  > 90%, 
specificity  <50% 

Total  number  of  papers 

7 

14 

9 

Prospective  study,  or  retrospective  with 
consecutive  patients 

0 (0%) 

11  (79%) 

8 (89%) 

Retrospective  study  without  consecutive 
patients 

7(100%) 

3(21%) 

1 (11%) 

Absence  of  post  -test  selection  bias 

1 (14%) 

9 (64%) 

4 (44%) 

Possible  presence  of  post-test  selection 
bias 

6 (87%) 

5 (36%) 

5 (56%) 

Table  21  gives  the  results  of  patient-based  accuracy  analyses.  All  three  of  these 
studies  fell  in  the  " prospective  or  consecutive  patients"  category  and  are  believed 
to  have  been  free  of  selection  bias.  Sensitivities  ranged  from  65%  to  100%  and 
specificities  from  55%  to  73%.  For  two  papers  (14,  93),  patient  numbers  were  low 
(21  and  17  respectively)  and  confidence  intervals  would  be  very  wide. 
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Table  21:  Results  of  thallium-201  accuracy  studies  - patient-based  analyses 


Paper 

Sensitivity  (%) 

Specificity  (%) 

Ragosta  et  al.  1993  (93) 

100 

73 

Vanoverschelde  et  al.  1996  (118) 

73  (all  patients) 

70  (all  patients) 

65  (patients  with  LVEF  < 

70  (patients  with  LVEF  < 

35%) 

35%) 

Bax  et  al.  1996  (14) 

83 

55 

Comparisons  of  the  accuracy  of  thallium-201  imaging,  PET  and 
echocardiography  in  the  assessment  of  myocardial  viability 

Twelve  papers  have  compared  the  accuracy  of  thallium-201  imaging  and 
dobutamine  echocardiography  in  segment-based  analyses  of  myocardial 
viability,  in  the  same  patients.  Sensitivity  for  the  echocardiography  technique 
ranged  from  68%  to  95%,  compared  to  86%  to  100%  for  the  thallium-201  studies. 
Specificity  for  echocardiography  ranged  from  63%  to  95%,  compared  to  22%  to 
98%  for  thallium-201.  The  sensitivity  of  thallium-201  imaging  was  usually  higher 
than  that  of  echocardiography,  while  the  specificity  of  thallium-201  imaging  was 
lower  in  all  but  one. 

Six  of  these  studies  were  prospective,  or  retrospective  with  consecutive  patients, 
and  believed  to  be  free  of  post-test  selection  bias.  In  all  six  studies,  SPECT  was 
used  for  thallium-201  imaging.  Stress-redistribution  reinjection  was  used  in  four 
cases  (6, 14,  54, 118)  and  rest-redistribution  in  two  cases  (80,  92).  The 
echocardiography  techniques  used  were  low-medium  dose  dobutamine  (6, 14, 
54),  low-high  dose  dobutamine  (80, 118),  and  low-high  dose  dobutamine  with 
the  biphasic  response  (80,  92). 

Their  results  are  summarized  in  Table  22.  The  sensitivity  for  thallium-201  was 
generally  higher  than  that  of  echocardiography,  while  the  specificity  was  always 
substantially  lower. 

Two  of  the  papers  also  gave  patient-based  analyses.  The  results  are  summarized 
in  Table  23.  Low  patient  numbers  in  the  study  by  Bax  et  al.  (14)  would  mean  that 
confidence  intervals  are  very  wide. 
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Table  22:  Comparisons  of  the  accuracy  of  thallium-201  SPECT  and  dobutamine 
echocardiography  in  prospective  studies,  or  retrospective  studies  with 
consecutive  patients,  free  of  post-test  selection  bias  - segment-based 
analyses 


Study 

Sens  DobE 
(%) 

Sens  TI-201 
(%) 

Spec  DobE 
(%) 

Spec  TI-201 
(%) 

Arnese  et  al.  (6) 

74 

89 

95 

48 

Haque  et  al.  (54) 

94 

91  (redist) 
100  (reinj) 

80 

50  (redist) 
40  (reinj) 

Vanoverschelde  et  al.  1996  (118) 

76 

77 

86 

56 

Bax  et  al.  1996  (14) 

85 

93 

63 

43 

Qureshi  et  al.  1997  (92) 

74 

90 

89 

56 

Nagueh  et  al.  1997  (80) 

68  (biphasic) 
91  (any  gain) 

91 

83  (biphasic) 
66  (any  gain) 

43 

Table  23:  Comparisons  of  the  accuracy  of  thallium-201  SPECT  and  dobutamine 
echocardiography  in  prospective  studies,  or  retrospective  studies  with 
consecutive  patients,  free  of  post-test  selection  bias  - patient  -based 
analyses 


Study 

Sens  DobE 
(%) 

Sens  TI-201 
(%) 

Spec  DobE 
(%) 

Spec  TI-201 
(%) 

Vanoverschelde  et  al.  1996  (118) 

- all  patients 

88 

72 

77 

73 

- patients,  EF<35% 

87 

65 

70 

70 

Bax  et  al.  1996  (14) 

83 

83 

82 

55 

Table  24  compares  the  sensitivity  and  specificity  ranges  for  all  PET, 
echocardiography  and  thallium-201  studies  which  were  prospective  or  involved 
consecutive  patients,  and  which  are  believed  to  be  free  of  post-test  selection  bias. 
These  figures  indicate  that  while  the  sensitivity  of  thallium-201  imaging  is 
comparable  to  that  of  PET  and  echocardiography,  its  specificity  is  lower, 
particularly  in  the  segment-based  studies. 

Further  details  of  thallium-201  accuracy  studies  are  given  in  Tables  25  and  26. 
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Table  24:  Sensitivity  and  specificity  ranges  for  PET,  dobutamine 

echocardiography  and  thallium-201  imaging  from  prospective  studies, 
or  retrospective  studies  with  consecutive  patients,  free  of  post-test 
selection  bias 


Technique 

Sensitivity 

Specificity 

Segment-based 

PET 

75-95 

67-84 

Dobutamine  echocardiography 

68-97 

62-95 

Thallium-201  SPECT  or  planar 

75-93 

31-56 

Patient-based 

PET  (one  paper  only) 

82 

88 

Dobutamine  echocardiography 

82-100 

70-86 

thallium-201  imaging 

65-100 

55-73 

Overall  these  comparisons  strongly  suggest  that  thallium-201  is  less  accurate 
than  PET  or  dobutamine  echocardiography.  While  it  can  achieve  comparable  or 
higher  sensitivity,  it  is  at  the  expense  of  specificity,  and  false  positive  rates  will 
be  substantially  higher  than  for  the  other  techniques.  The  patient-based  results 
in  Table  24  indicate  that  specificity  can  be  improved  by  appropriate  selection  of 
criteria  for  identifying  viability,  but  only  at  the  expense  of  sensitivity. 
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methodology,  results  (segment-based  analyses)  (cont'd) 
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methodology,  results  (segment-based  analyses)  (cont'd) 
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methodology,  results  (segment-based  analyses)  (cont'd) 


IT) 

CM 

O 

n 

a 


«.E  >c 
c -a  £ .2 

§ ■§  3 — 
CO  c < Q 


O 

O 

o 

2 

Q. 

>* 


(O 


O (0 

fe  c 

.q  o 

El 

5°- 


>* 

■D 

3 


03 

- 5 
0 0 5 
E o co  c 

CD  ~ 0 0 


O _ 5= 


2 Z ~ ■£ 

'E  CO 

£ O 

Is 

C 0 

CD  -2 

E 2 

03  CD 
CD  T3 

0 o 
co  E 


-C  CO 


= _ CO 


E I-- 

~ > c 
T3  o CD 
5 ==  CD  _ 

I 5 w CD  o 

r >o  ^ ci 

CO  CO  C COD 


CD 

Q.  . 
CD  £ 
o 


_co 

o 

JZ  CD 


£ ,«0  CM 


CD  CD 


<->  m 

£ n 

£ 0 'O 

ro 

po  cu  3 
£ CO  CD 
2 £ 

0 CD 
lH  CD  > 
0 $ 2 


.c 

CO  CO- 
CO 

CD  C 

-t  O 

h^'-s 

a if 

85 1 -I 


I N 

™ 0 

-1  3 

■ § s 


80 


— 00 

CD  Is- 
o ^ 
03  co 

n °3 
£ 03 


CO  -o  < 

>*  0 O 

^ N I— 

0 ro  ^ 

.fc!  o 0 

}=  O it; 

£ w 0 

g ?. » 

CO  03  CO 
CD  O 
> >*  C 

23-2 

0 £ 2 

- 0 .. 

E 0 

E cj 

0 3 
-1=  CO 
CD  = — 
-C  CD  03 


CD 


CD 


2 EZ 
0 E ™ 
§ £ 

> 0 D 

. -C  03 

'ti y 

~ N 


CD 


■2  0 CD 

I 3 

8| 

CD  > 


CO 


03 


03  0 

2 0 ^ 
O CD  '0 

^5  $ £ 
■o  c M_ 
•o  .Q  o 

03  '03  C 
E © O 


ro 


2 iu 

si- 


*-  0 


0 0 


0 0 


0 

c ]2 

0 £ 

E 0 

O)  O 
0 C 
0 0 

I? 

o 

o 
c 

%0  2 

D£  o 

0 — ^ 

Sti 

CO  o CD 
JD  "O  ^ 

*!? 

l-il 

0 0 $ 


■O 

•c 

o 

CL 

0 


0 -O 

$ CD 


0 w 5 jo 

I|- 

-§  1,32 
2 0 c 
200 
Z - p 
^ 0 g3 
2 ^0 
_0  0 0 

E 0 .2 
® c o 
•2  0 c 
0 P o 


% 0 -o 


\£> 

LO 


Table  26:  Studies  on  the  accuracy  of  thallium-201  scintigraphy  for  the  assessment  of  myocardial  viability:  patients, 
methodology  and  results 
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Appraisals  of  thallium-201  accuracy  studies 

Summary  results  of  the  appraisals  of  the  thallium-201  studies  are  given  in  Table 
27.  As  for  the  PET  and  echocardiography  papers,  problems  areas  included  study 
design,  selection  of  patients,  matching  of  patients  to  the  target  population, 
blinding  of  interpreters  of  tests,  and  post-test  selection  bias. 

Overall,  the  appraisal  results  were  similar  to  those  for  the  echocardiography 
papers,  but  fewer  of  the  thallium-201  studies  were  based  on  consecutive  patients 
(33%  compared  to  50%  for  echocardiography),  and  details  of  reproducibility  of 
results  and  inter-observer  variability  were  given  much  less  frequently  in  the 
thallium-201  papers  (5%  compared  to  57  % for  the  echocardiography  papers). 
However,  interpreters  of  the  reference  method  were  blind  to  the  results  of  the 
test  method  more  frequently  in  the  thallium-201  than  the  echocardiography 
studies  (57%  compared  to  43%). 

Some  43%  of  the  thallium-201  papers  included  statements  showing  that  the 
results  were  free  from  post-test  selection  bias,  compared  to  46%  for 
echocardiography.  Six  papers  (29%)  included  statements  showing  that  selection 
of  patients  for  revascularization  had  been  influenced  by  the  thallium-201  study 
or  other  viability  test.  In  48%  of  papers  there  were  statements  showing  that  the 
revascularization  procedure  had  not  been  influenced  by  viability  studies.  Only 
four  papers  included  statements  showing  that  both  biases  were  absent. 

Table  27:  Appraisal  of  accuracy  studies  using  thallium-201:  summary  results 


Appraisal  criterion 

Number  (%)  or  papers 
meeting  criterion 

Groups  matched  or  differences  evaluated  in  valid  statistical  analysis. 

3 (75%) 

Study  prospective  or  patient  selection  blind  to  outcomes 

1 (25%) 

Consecutive  subjects  or  valid  justification  of  selection  method 

2 (50%) 

Subjects  adequately  described 

3 (75%) 

Inclusion  and  exclusion  criteria  adequately  described 

3 (75%) 

Study  population  matches  target  population 

2 (50%) 

Sample  size  adequate  for  statistically  significant  results 

4 (100%) 

Test  method,  criteria  for  detecting  viability  adequately  described 

4 (100%) 

All  subjects  deceased  or  lost  to  follow-up  reported  or  dealt  with  in  statistical 
analysis 

4 (100%) 

Follow-up  period  range  and  mean  given,  long  enough  for  meaningful  results 

3 (75%) 

Details  of  treatment  given 

3 (75%) 

Evidence  that  selection  for  treatment  not  influenced  by  test 

1 (25%) 

Outcome  assessment  blind  to  diagnostic  data 

0 (0%) 

Clear  specification  of  clinically  relevant  outcomes 

4(100%) 

Valid  statistical  analysis  of  outcome  data 

4 (100%) 
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Contribution  of  thallium-201  myocardial  viability  studies  to 
patient  management  and  outcome 

Four  papers  have  been  identified  which  examined  outcomes  for  patients  who 
had  undergone  thallium-201  myocardial  viability  studies,  one  of  which  was 
prospective.  In  three  studies  SPECT  was  used,  while  planar  gamma  camera 
imaging  was  used  in  one.  Details  of  the  studies  are  given  in  Table  28.  Their 
appraisals  are  summarized  in  Table  29. 
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Table  28:  Myocardial  viability  outcomes  studies  based  on  thallium-201  SPECT  or  planar  gamma  camera  imaging:  patients 
and  results 


Results 

Survival 

significantly  higher 
in  surgically  treated 
patients  (p  0.056) 

Survival 

significantly  higher 
in  patients  with  no 
redistribution  than 
those  with 
redistribution  (p 
0.03) 

Survival  free  of 
cardiac  death  or 
transplantation 
significantly  higher 
in  patients  with 
viability  index>0.67 

(p  0.018) 

Survival  rate 
significantly  higher 
in  revascularized 
than  in  medically 
treated  patients 

(p<0.01). 

Extent  of  viable 
dysfunctional 
myocardium  best 
predictor  of  death 
in  medically  treated 
patients  (p<0.01). 

Outcomes 

evaluated 

Cardiac  death 

Cardiac  death 

Cardiovascular 
death  or  cardiac 
transplantation 

Cardiac  death 

Groups  compared 

Patients  with  viable 
myocardium  by  TI-201 
rest  redistribution 
SPECT,  treated 

- medically 

- surgically 

Medically  treated  patients 
with 

- no  redistribution 

- redistribution 
in  Tl-  201  rest 
redistribution 
SPECTimages 

Patients  treated  by 
CABG,  in  following 
groups  based  on  viability 
index  calculated  from 
planar  TI-201  rest- 
redistribution  studies 

- viability  index  >0.67 

- viability  index  <0.67 

Patients  with  viable 
dysfunctional 
myocardium  based  on  TI- 
201  rest-redistribution 
SPECT  and 
echocardiography: 

- medically  treated 

- revascularized  (CABG 
or  PTC  A) 

6 segmentswith 

Follow-up 

period 

31  months  from 
test 

31  ±24  months 
from  test 

Median  3.2 
years  (1177 
days,  range 
590-1826  days) 
after  CABG 

17+8  months 
from  test 
(revasc.  within  3 
weeks  from  test) 

31  weeks 
(median)  (5-49) 

Mean  LVEF 
(%) 

Not  given  for 
all  patients 

27+  8 (no 
redistribution) 

26±7 

(redistribution) 

CD 

+1 

OO 

CM 

05 

+1 

00 

CO 

Not  given 

Mean  age 
(yrs) 

66±10 

(medical) 

63±14 

(surgical) 

68+12  (no 
redistribution) 

69±12 

(redistribution) 

66  (range  59- 
71) 

55±10 
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Table  29:  Appraisals  of  thallium-201  myocardial  viability  outcomes  studies 


Papers 

Cuocolo  et  al.  1998 
(40) 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

o 

z 

Yes 

Yes 

Pagley  et  al.  1997 
(85) 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Uncertain 

Yes 

Yes 

Gioia  et  al.  1996  (50) 

Yes 

No 

Unclear 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

Yes 

Gioia  et  al.  1995  (51) 

No 

No 

No 

No 

No 

Inadequate  data 

Yes 

Yes 

Yes 

No  (does  not  give  period 
from  revasc) 

Yes 

No 

No 

Yes 

Yes 

Appraisal  criterion 

Groups  matched  or  differences  evaluated  in 
valid  statistical  analysis 

Study  prospective  or  patient  selection  blind  to 
outcomes 

Consecutive  subjects  or  valid  justification  of 
selection  method 

Subjects  adequately  described 

Inclusion  and  exclusion  criteria  adequately 
described 

Study  population  matches  target  population 

Sample  size  adequate  for  statistically  significant 
results 

Test  method,  criteria  for  detecting  viability 
adequately  described 

All  subjects  deceased  or  lost  to  follow-up 
reported  or  dealt  with  in  statistical  analysis 

Follow-up  period  range  and  mean  given,  long 
enough  for  meaningful  results 

Details  of  treatment  given 

Evidence  that  selection  for  treatment  not 
influenced  by  test 

Outcome  assessment  blind  to  diagnostic  data 

Clear  specification  of  clinically  relevant 
outcomes 

Valid  statistical  analysis  of  outcome  data 

In  a retrospective  study  of  85  patients  with  predominantly  viable  myocardium 
according  to  thallium-201  rest-redistribution  studies,  Gioia  et  al.  (51)  found  that 
over  a follow  up  period  averaging  31  months,  survival  was  significantly  higher 
in  those  who  underwent  CABG  than  in  those  who  were  medically  treated.  In 
this  study,  patients  selected  were  not  consecutive,  the  thallium-201  test  affected 
selection  of  patients  for  the  study,  and  there  was  inadequate  data  to  determine 
how  well  the  study  population  matched  the  target  population.  No  information 
was  given  on  the  period  between  the  start  of  follow-up  and  the  performance  of 
surgery.  The  criteria  for  identifying  viable  myocardium  would  have  included 
normal  tissue,  and  myocardium  which  has  normal  perfusion  at  rest  but  would  be 
ischemic  under  stress.  The  results  do  not  necessarily  reflect  the  effect  of  viable 
dysfunctional  myocardium  only. 

Some  of  the  patients  would  have  been  included  in  the  previous  study  by  Gioia  et 
al.  (51).  As  some  patients  had  been  selected  for  surgery,  it  is  possible  that  less 
well  members  of  the  "redistribution"  group  were  assigned  to  medical  treatment. 
However,  the  "redistribution"-  "no  redistribution"  groups  appeared  to  be 
reasonably  well  matched. 

Pagley  et  al.  (85)  studied  70  patients  with  LVEF  less  than  40%,  who  had 
undergone  CABG,  after  a period  averaging  three  years.  They  were  divided  into 
two  groups  on  the  basis  of  a viability  index  determined  by  planar  thallium-201 
scintigraphy  before  surgery.  They  found  that  for  those  with  a viability  index  of 
more  than  0.67,  survival  without  cardiac  death  or  heart  transplantation  was 
significantly  higher. 

The  viability  index  would  have  included  contributions  from  normal  myocardium 
and  myocardium  which  would  be  ischemic  under  stress,  as  well  as  viable  but 
dysfunctional  myocardium.  Data  on  the  two  groups  indicate  that  the  group  with 
the  lower  viability  index  had  significantly  fewer  segments  with  normal  thallium- 
201  uptake  (indicating  normal  myocardium),  and  significantly  more  segments 
with  persistent  severe  reductions  in  uptake  (indicating  non-viable  myocardium), 
as  well  as  some  differences  in  redistribution  patterns.  The  data  do  not  allow  any 
conclusions  on  the  effects  of  viable  dysfunctional  myocardium  alone. 

In  a prospective  study,  Cuocolo  et  al.  studied  76  patients  with  viable 
dysfunctional  myocardium  identified  by  conventional  echocardiography  and 
thallium-201  SPECT  (40).  The  study  group  comprised  consecutive  patients 
meeting  the  selection  criteria.  Averge  LVEF  was  38%,  higher  than  for  the  target 
population.  The  follow-up  period  averaged  17  months  from  the  test.  For  those 
patients  undergoing  revascularization,  the  procedures  were  performed  within 
three  weeks  of  the  test. 

Cuocolo  et  al.  found  that  the  survival  rate  was  significantly  higher  in 
revascularized  than  in  medically  treated  patients.  The  extent  of  viable 
dysfunctional  myocardium  was  the  best  predictor  of  death  in  medically  treated 
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patients.  An  ROC  curve  was  used  to  find  the  amount  of  viable  dysfunctional 
myocardium  which  best  predicted  cardiac  death  among  medically  treated 
patients.  A value  of  54%  or  more  was  found  to  predict  death  with  a sensitivity  of 
88%  and  specificity  of  83%  (40). 

These  results  suggest  that  the  combination  of  conventional  echocardiography 
and  thallium-201  SPECT  may  allow  the  accurate  prediction  of  those  patients  who 
would  be  at  high  risk  of  death  if  medically  treated,  and  who  would  benefit  from 
revascularization.  However,  the  number  of  medically  treated  patients  was  quite 
small  (37),  and  confidence  intervals  for  the  results  would  be  rather  wide.  Further 
studies  are  needed  in  this  area. 

Cuocolo  et  al.  also  found  that  the  extent  of  viable  dysfunctional  myocardium  was 
the  best  predictor  of  improvement  in  LVEF  an  average  of  12  months  after 
revascularization.  The  best  values  for  sensitivity  and  specificity  in  the  prediction 
of  LVEF  improvement  were  86%  and  63%  respectively  (40). 
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FDG  SPECT  imaging  for  assessment  of  myocardial 
viability 

Background 

Non-invasive  FDG  imaging  has  been  used  to  distinguish  between  dyssynergic 
(ischemically  damaged)  but  viable  and  scarred  myocardium,  based  on  the  belief 
that  residual  glucose  metabolism  indicates  the  presence  of  dysfunctional  but 
viable  myocardium  (19,  25,  59, 101).  FDG  PET  studies  have  reported  that 
different  patterns  of  perfusion  and  metabolism  exist  in  regions  with 
hypoperfused,  dysfunctional  myocardium  (14, 17,  39,  62).  Based  on  the 
assessment  of  these  perfusion-metabolism  patterns,  investigators  have  reported 
accurate  detection  of  residual  myocardial  viability  (MV)  in  patients  with  chronic 
coronary  artery  disease  (CAD)  and  left  ventricular  dysfunction  (LVD),  and  the 
ability  of  FDG  PET  imaging  to  predict  functional  recovery  after  revascularization 
in  these  patients  (13, 19,  24, 35,  62, 101, 107, 108). 

Because  the  routine  application  of  FDG  imaging  with  PET  for  myocardial 
viability  (MV)  assessment  is  limited  in  the  clinical  setting  (limited  availability 
and  high  overall  technical  costs  of  PET  centres),  several  groups  of  investigators 
have  evaluated  the  possibility  of  imaging  FDG  with  conventional  gamma 
cameras  and  specially  designed  collimators  (13, 17, 19,  22,  25,  35,  62, 108).  FDG 
imaging  has  been  used  in  combination  with  either  planar  scintigraphy  or  SPECT, 
using  511  keV  collimators. 

The  initial  results  with  this  approach  were  obtained  with  planar  scintigraphy  in 
patients  with  CAD  (17, 18, 21,  60,  62).  Recently,  published  studies  reported  on 
the  use  of  SPECT  to  image  FDG  uptake  for  detection  of  MV  in  patients  with  CAD 
and  impaired  left  ventricular  function  (17, 18, 19,  96).  It  has  been  suggested  that 
SPECT  allows  performance  of  FDG  studies  with  a superior  image  quality  when 
compared  to  planar  scintigraphy  by  offering  a better  contrast,  a three- 
dimensional  presentation,  and  elimination  of  overlying  structures  (19,  21,  60,  91, 
95). 
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Correlation  studies 


Several  groups  have  reported  on  the  feasibility  of  MV  assessment  by  cardiac 
FDG  SPECT  imaging  in  combination  with  cardiac  perfusion  agents.  The  criteria 
used  in  FDG  PET  for  differentiation  between  viable  and  non-viable  myocardium 
(perfusion-metabolism  mismatch/ match  patterns)  were  also  used  for  SPECT. 
Investigators  evaluated  the  ability  of  SPECT  gamma  cameras  and  HE  collimators 
to  obtain  myocardial  FDG  images  of  satisfactory  quality  in  a range  of  patients 
with  CAD,  while  identifying  technical  requirements  for  optimal  image  quality. 
They  compared  the  results  obtained  with  FDG  SPECT  to  those  obtained  with 
FDG  PET,  or  Tl-201  SPECT  or  echography.  The  main  limitation  of  these  studies 
was  the  lack  of  an  independent  measure  of  MV  such  as  functional  outcome  after 
revascularization.  Correlation  studies  identified  in  this  assessment  are 
summarised  in  Table  30. 

Correlation  studies  have  compared  the  use  of  FDG  SPECT  (analyzed  visually  or 
semi-quantitatively)  and  FDG  PET  (using  quantitative  analysis)  for  MV 
assessment.  The  investigators  have  reported  good  overall  agreement  (ranging 
from  76%  to  94%)  between  the  two  techniques  in  the  differentiation  between 
viable  and  non-viable  myocardium  (16-18,  21,  65). 

Despite  good  overall  agreement,  discordance  has  been  reported,  especially  in 
myocardial  regions  with  severe  LVD.  The  noticed  differences  varied  depending 
on  the  severity  of  LVD  and  the  type  of  data  analysis  (segment-based  vs.  patient- 
based).  It  has  been  suggested  that  the  different  results  between  the  two 
techniques  may  be  due  their  imaging  properties  (35, 107),  or  the  delay  between 
image  acquisition  (20,  28)  or  to  different  analytical  procedures  (visual/ semi- 
quantitative  for  FDG  SPECT  vs.  quantitative  for  FDG  PET)  (20).  However,  the 
number  of  patients  with  severe  LVD  included  in  these  studies  is  too  small  to 
draw  definitive  conclusions. 

Burt  et  al.  (28)  compared  FDG  PET  and  FDG  SPECT  images  with  resting  Tl-201 
SPECT  images  in  20  patients  and  found  that  both  FDG  PET  and  SPECT  were 
superior  to  Tl-201  SPECT  for  MV  detection.  FDG  imaging  with  PET  and  SPECT 
techniques  demonstrated  viability  in  21%  to  23%  of  segments  and  in  35%  to  40% 
of  patients  with  fixed  defects  on  Tl-201  images. 

Bax  et  al.  (14)  compared  results  obtained  by  FDG/ Tl-201  SPECT  with  those 
obtained  by  stress-reinjection  Tl-201  SPECT  and  those  obtained  by  DE  in  17 
patients  scheduled  for  revascularization  based  on  clinical  and  angiographic  data. 
The  investigators  found  that,  for  the  detection  of  viable  and  non-viable 
myocardial  segments,  the  agreement  between  FDG/ Tl-201  SPECT  and 
reinjection  Tl-201  was  70%  and  between  FDG/ Tl-201  and  DE  was  80%. 
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Srinivasan  et  al.  (107)  investigated  whether  FDG  SPECT  imaging  provides 
comparable  MV  information  to  FDG  PET.  Sixteen  patients  with  chronic  CAD 
had  FDG  SPECT  immediately  after  PET  acquisition.  All  patients  had  stress- 
redistribution-reinjection  Tl-201  and  12/16  patients  had  radionuclide 
angiography.  The  myocardial  activity  of  11  sectors  per  tomogram  was  assessed 
quantitatively.  FDG  SPECT  provided  concordant  MV  information  with  FDG 
PET  in  581/615  sectors  (98%)  and  with  Tl-201  in  555/615  sectors  (90%).  Among 
33  regions  identified  as  severe  hypokinetic  and  akinetic  by  radionuclide 
angiography,  17  (52%)  were  viable  by  Tl,  22  (67%)  by  FDG  SPECT  and  24  (73%) 
by  FDG  PET  (p=NS).  The  authors  concluded  ".... these  data  affirm  the  good 
overall  correlation  between  FDG  uptake  and  TL  for  differentiating  viable  from 
non-viable  myocardium  in  asynergic  regions  regardless  of  the  technology 
applied,  PET  or  SPECT". 

It  has  been  argued  that  FDG  alone  may  not  be  the  ideal  tracer  for  accurate 
assessment  of  MV  since  there  is  evidence  of  FDG  uptake  in  homogeneously 
infarcted  myocardium  (91, 100).  Also,  it  has  been  emphasized  that  FDG  uptake 
is  dependent  on  a number  of  variables  including  local  substrate  availability 
(glucose  vs.  fatty  acids),  insulin  concentration,  and  a constant  rate  of 
phosphorylation  (59,  94,  97, 100).  Several  investigators  suggested  that  FDG 
cannot  be  used  for  clinical  decision  making  without  an  independent  myocardial 
perfusion  marker  (14,  27,  97, 100). 

To  determine  whether  FDG  SPECT  could  be  used  alone,  without  a perfusion 
agent,  to  replace  Tl-201  SPECT  for  routine  clinical  assessment  of  MV,  Srinivasan 
et  al.  evaluated  regional  differences  in  FDG  uptake  as  measured  by  SPECT  and 
PET  as  well  as  differences  between  Tl-201  and  FDG  tracers  (107).  They 
concluded  that  FDG  SPECT  provided  incremental  information  regarding  MV, 
similar  to  FDG  PET  in  scarred  myocardium  on  Tl-201  SPECT  and  significantly 
increased  the  sensitivity  for  MV  detection  (to  88%  of  the  sensitivity  achievable  by 
FDG  PET).  They  found  that  iri  27%  of  cases,  FDG  SPECT  will  falsely  identify  as 
viable  the  myocardium  judged  as  non-viable  by  both  PET  and  Tl-201. 

In  the  reviewed  studies,  FDG  SPECT  technique  has  been  reported  as  inferior  to 
FDG  PET  imaging  in  terms  of  spatial  resolution  and  attenuation  correction. 

Chen  et  al.  (35)  have  measured  and  compared  the  physical  characteristics  of  FDG 
SPECT  imaging  when  using  a conventional  HE  collimator  (400keV)  and  a 
dedicated  HE  collimator  (511keV)  with  those  of  FDG  PET  imaging.  They  have 
reported  that  FDG  SPECT  imaging  using  conventional  or  dedicated  HE 
collimator  is  "markedly"  inferior  to  FDG  PET  imaging  in  all  physical 
characteristics.  However,  they  found  that  the  spatial  resolution  of  FDG  SPECT 
was  substantially  improved  by  using  dedicated  instead  of  conventional  HE 
collimator. 


66 


It  has  been  argued  that  the  limited  sensitivity  and  spatial  resolution  of  SPECT 
may  not  represent  a major  handicap  since  it  seems  to  be  little  clinical  relevant 
difference  between  instruments  in  patients  with  CAD  and  impaired  LV  function 
(20,  35,  62,  95,  96, 101, 102, 108). 
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Table  30:  Primary  correlation  studies  on  FDG  SPECT 
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Table  30:  Primary  correlation  studies  on  FDG  SPECT  (cont'd) 
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Accuracy  studies 

Several  groups  of  investigators  have  conducted  studies  to  evaluate  the  diagnostic 
value  of  FDG  SPECT  for  predicting  functional  recovery  after  revascularization 
and  reported  promising  results  (9, 10, 15, 17).  In  these  studies,  FDG  SPECT 
imaging  was  compared  with  FDG  PET,  Tl-201  SPECT  or  dobutamine  echography 
in  the  assessment  of  myocardial  viability.  Functional  recovery  after 
revascularization  was  used  as  a reference  standard  to  determine  their  diagnostic 
accuracy. 

Details  of  studies  on  accuracy  of  FDG  SPECT  imaging  for  MV  assessment  which 
met  the  selection  criteria  used  for  the  literature  review  are  summarized  in  Table 
31.  The  reported  results  showed  that  FDG/ myocardial  perfusion  SPECT, 

FDG/ myocardial  perfusion  PET,  stress-reinjection  Tl-201  SPECT,  rest- 
redistribution  Tl-201  SPECT  and  dobutamine  echocardiography  had  a 
comparable  sensitivity  to  assess  improvement  of  regional  function,  although  the 
specificity  differed  between  the  techniques. 

These  studies  took  a variety  of  approaches  and  comparison  between  them  is  not 
straightforward.  Differences  in  the  reported  results  may  have  been  influenced 
by  the  different  study  protocols  used  (different  data  analysis  strategies,  different 
methods  used  for  assessment  of  recovery,  and  different  viability  criteria  for 
defining  test  results).  The  performance  of  FDG  SPECT  imaging  differed  from 
one  study  to  another  (different  SPECT  systems  with  different  performance 
characteristics;  different  perfusion  tracers;  different  segment  models;  different 
time  intervals  between  viability  studies). 

None  of  the  reviewed  accuracy  studies  clearly  met  al.l  the  criteria  for  the 
methodological  quality  formulated  in  Appendix  A.  Summary  results  of  the 
appraisals  of  these  studies  are  given  in  Table  32.  Areas  of  methodological 
weakness  included  study  design,  selection  of  patients,  matching  of  studied 
patients  to  the  target  population,  blinding  of  the  interpreters  of  tests,  and  post- 
test selection  bias.  The  studies  have  included  patients  scheduled  for 
revascularization  based  on  clinical,  angiographic  and  echographic  data.  The 
FDG  SPECT  method  was  employed  for  MV  assessment  in  referred  patients,  and 
the  findings  did  not  influence  the  referral  or  the  selection  of  the  revascularization 
procedure.  Most  of  the  analyses  included  only  dyssynergic  segments 
successfully  or  adequately  revascularized.  Information  on  patients  lost  to  follow- 
up is  rare.  Partial  duplication  seems  likely  in  some  reports. 
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Table  31 : Studies  on  accuracy  of  FDG  SPECT  for  MV  assessment 
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Most  studies  based  their  analysis  on  regional  functional  outcome  rather  than  on 
global  functional  outcome.  However,  segmental  analysis  is  statistically  relevant 
but  may  not  be  clinically  relevant.  When  patient-based  analysis  was  used, 
different  measures  of  substantial  viability  were  used  for  global  function 
recovery.  Also,  not  all  studies  have  stated  clearly  the  degree  of  anticipated 
improvement  of  LV  function. 

Table  32:  Results  of  studies  on  accuracy  of  FDG  SPECT  for  MV  assessment 


Paper 

Sensitivity 

Specificity 

Predictive  values 

Bax  et  al., 
1997  (12) 
n=28 

87%  (overall) 

90%  (severe  LVD) 

78%  (overall) 

75%  (severe  LVD) 

PPV  72%;  NPV  90% 
(overall) 

PPV  75%;  NPV  90% 
(severe  LVD) 

Cornel  et  al., 
1997  (39) 
n=30 

84%  (overall,  segs.-  based) 
86%  (mildly  hypokinetic); 
81%  (severe  dyssynergic) 
93%  (overall,  pt.-based) 

86%  (overall,  segs.-basec 
74%  (mildly  hypokinetic) 
91%  (severely  dyssynerg 
87%  (overall,  pt.-based) 

PPV  78%;  NPV  90% 
(overall,  segs-based) 

Bax  et  al., 
1996  (14) 
n=17 

89%  (overall,  segs.-based) 
94%  (hypokinetic) 

78%  (akinetic) 

100%  (LVEF  >/=  35%) 
80%  (LVEF  <35%) 

83%  (overall,  pt-based) 

77%  (overall,  segs.-baseti 
67%  (hypokinetic) 

90%  (akinetic) 

74%  (LVEF  >/=  35%) 

78%  (LVEF  <35%) 

100%  (overall,  pt-based) 

PPV  62%;  NPV  94% 
(overall,  segs-based) 
PPV  59%;  NPV  96% 
(hypokinetic) 

PPV  70%;  NPV  93% 
(akinetic) 

Bax  et  al., 
1997  (11) 
n=24 

89%  (overall,  segs-based) 

81%  (overall,  segs-based 

Bax  et  al., 
1997  (13) 
n=55 

85%  (overall,  segs-based) 
82%  (hypokinetic) 

87%  (akinetic) 

80%  (LVEF  >/=30%) 

89%  (LVEF<30%, segs-based 
1 00%(LVEF<30%, pt-based) 

75%  (overall,  segs-based 
66%  (hypokinetic) 

84%  (akinetic) 

81%  (LVEF  >/=30%) 

72%  (LVEF<30%,segs-bc 
80%  (LVEF<30%,pt-base 

PPV  63%;  NPV  91% 
(overall,  segs-based) 

Similar  data  have  been  reported  by  Bax  et  al.  (11)  who  conducted  a prospective 
study  to  evaluate  the  role  of  FDG  SPECT  in  the  prediction  of  improvement  in 
contractile  function  after  revascularization.  They  included  41  patients  with  wall 
motion  abnormalities  on  resting  echocardiography  scheduled  for 
revascularization  that  underwent  rest  T1-201/FDG  SPECT.  All  underwent 
resting  echocardiography  at  2-3  months  after  revascularization  to  assess 
improvement  of  regional  contractile  function.  SPECT  data  (FDG  uptake  in 
perfusion  defects)  were  analyzed  quantitatively  in  144  segments  with  regional 
wall  motion  abnormalities  that  showed  a perfusion  defect.  At  a cutoff  value  of 
6%  (FDG  vs.  Tl-201  activity)  a sensitivity  of  81%  and  a specificity  of  87%  were 
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reported.  The  authors  concluded  that  these  results  demonstrated  that  "FDG 
SPECT  can  detect  recovery  after  revascularization". 

Also,  Bax  et  al.  (17)  cite  the  findings  reported  by  a cooperative  study  between 
two  universities.  The  study  included  44  patients  scheduled  for  revascularization 
mainly  for  angina.  Recovery  of  function,  assessed  by  echocardiography  at  three 
months  after  revascularization,  was  used  as  the  definitive  method  for  MV 
detection  in  206  dyssynergic  segments  successfully  revascularized.  FDG  SPECT 
had  a sensitivity  of  83%  and  a specificity  of  76. 

Calhoun  et  al.  (29)  conducted  a retrospective  observational  study  to  determine 
the  clinical  utility  of  MV  assessment  in  the  management  of  chronic  ischemic 
LVD.  They  reviewed  the  findings  from  FDG/ myocardial  perfusion  SPECT 
imaging  studies  and  treatment  outcomes  (after  CABG,  PTCA,  or  medication)  in  a 
series  of  59  consecutive  patients  (47M/12F,  57±8  years)  with  angiographic 
evidence  of  CAD  and  depressed  LV  function  (mean  LVEF  of  21  ±7%).  Clinical 
decisions  based  on  FDG  SPECT  scans  were  obtained  from  chart  review. 

Thirty-four  out  of  59  patients  (58%)  had  evidence  of  hibernating  myocardium  on 
FDG  SPECT  and  29  of  these  subsequently  had  revascularization.  Thirty-day 
survival  for  all  revacsularized  patients  was  86%.  The  authors  concluded  that  MV 
assessment  with  FDG  SPECT  imaging  in  patients  with  ischemic  LVD  led  to  a 
clinical  decision  for  revascularization  in  "approximately  half  the  patients  with 
severe  coronary  disease  and  left  ventricular  dysfunction  who  were  evaluated  for 
myocardial  viability". 
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Clinical  issues 


Recently,  several  investigators  have  commented  on  the  unresolved  clinical  issues 
associated  with  the  pre-revascularization  MV  assessment  and  suggested  that 
some  are  likely  to  affect  the  diagnostic  accuracy  of  cardiac  imaging  techniques 
and  their  potential  role  in  the  routine  clinical  practice  (26,  59,  61,  97,  98, 100). 

One  of  these  issues  is  the  definition  of  viable  myocardium.  Viable  myocardium 
may  be  normal,  hibernating  or  stunned  (both  characterized  as  reversibly 
dysfunctional  myocardium)  while  non-viable  myocardium  represents  scarred 
myocardium  (infarcted/ necrosed  myocardium). 

The  terms  viability  and  potential  reversibility  are  used  synonymously  (26,  61,  97) 
although  the  pre-revascularization  MV  assessment  is  most  clinically  relevant  in 
patients  with  chronic  impaired  LV  function,  for  detection  of  hibernating 
myocardium  (58,  98, 100).  Hibernating  myocardium  is  viable  but  viable 
myocardium  is  not  necessarily  hibernating.  The  distinction  is  important  since 
various  cardiac  imaging  modalities  use  different  markers  for  MV  (58,  91,  97,98). 
However,  the  clarity  with  which  chronic  impaired  LV  function  can  be  defined  as 
hibernation,  repetitive  stunning  or  a combination  of  the  two  is  still  limited  (26, 
100).  Also,  the  exact  mechanism  of  hibernation  remains  elusive  (32,  71). 

It  has  been  suggested  that  the  definition  of  MV  should  be  independent  of  the 
result  of  revascularization  procedure  and  that  the  ideal  cardiac  imaging  method 
for  MV  assessment  should  be  able  to  differentiate  "infarcted"  from  "non- 
inf  arcted"  myocardium  (61).  However,  quantification  of  viable  myocardium  has 
been  identified  as  another  clinical  issue  that  is  likely  to  influence  the  reliability  of 
different  cardiac  imaging  techniques  (58,  61).  A given  myocardial  region  may 
not  be  entirely  scarred  or  entirely  hibernating  and  the  detection  of  viable 
myocardium  is  not  in  itself  an  indication  for  revascularization  (58,  59). 

Clinically,  there  may  be  a group  of  patients  with  an  overlap  of  normal,  stunned, 
hibernating  and  scarred  myocardium. 

Several  investigators  suggested  that  the  relative  proportion  of  hibernating 
myocardium  to  other  abnormalities  in  a given  segment  and  the  total  extent  of 
hibernation  in  the  LV  myocardium  will  determine  the  extent  of  recovery  of 
regional  and  global  LV  function  after  revascularization  (58, 100).  It  has  been 
estimated  that  at  least  20%  of  the  myocardial  region  should  be  reversibly 
dysfunctional  before  an  improvement  in  ejection  fraction  (EF)  can  be  expected 
(59,  71).  The  "substantial  viability",  used  as  a measure  of  the  patient's  ability  to 
recover  functionally  after  revascularization,  has  been  defined  differently  in  the 
reviewed  literature  (13, 14, 18,  29,  39). 

Another  identified  clinical  issue  is  that  the  specific  category  of  patients  most 
likely  to  benefit  from  MV  assessment  is  not  fully  delineated  (18,  26,  71).  It  has 
been  suggested  that  patients  with  severely  impaired  LV  function  who  have  no 
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disabling  angina  pectoris  (which  alone  may  guide  therapy)  but  have  congestive 
heart  failure  are  most  likely  to  benefit  from  MV  assessment  (18,  58,  59,  71,  91).  It 
has  also  been  suggested  that  results  of  MV  assessment  are  clinically  most 
relevant  in  patients  with  severe  global  LV  dysfunction  and  in  myocardial  regions 
with  resting  wall  motion  abnormalities  (107). 

Schoeder  et  al.  (100)  consider  that  detection  of  MV  is  important  in  a small 
subgroup  of  patients,  those  with  chronic  CAD  and  akinesia  or  severe 
hypokinesia,  significant  atenosis  in  the  related  coronary  arteries  and  severe 
reduced  uptake  of  Tl-201  or  sestamibi  during  scintigraphy.  According  to  Beller 
(24),  accurate  MV  detection  allows  for  selection  of  patients  with  CAD  and  resting 
LVD,  characterized  by  severely  depressed  LVEF  (not  defined),  "who  will  most 
benefit  from  revascularization".  There  is  limited  information  regarding  the 
application  of  revascularization  techniques  in  patients  with  more  severe  LVD 
(32,  59).  In  the  reviewed  literature,  the  severity  of  LVD  is  defined  by  different 
values  of  LVEF,  ranging  from  <20%  to  <40%  (18,  59, 115). 

It  is  believed  that  MV  assessment  is  not  relevant  in  patients  with  mild  LV 
dysfunction  (18,  59, 91).  However,  most  of  the  patients  included  in  the  published 
primary  studies  on  the  use  of  FDG  SPECT  imaging  for  MV  assessment  have 
mild-to-moderate  impaired  LV  function.  The  selection  bias  may  explain  the 
comparable  accuracy  of  the  various  cardiac  imaging  techniques  in  predicting 
recovery  of  function  after  revascularization  (58,  59).  It  has  been  suggested  that  as 
LV  dysfunction  becomes  more  severe  it  is  possible  that  the  accuracy  data  will 
differ  more  (58).  The  results  reported  by  the  reviewed  primary  studies  suggest 
that  severity  of  LV  dysfunction  is  an  important  factor  that  is  likely  to  alter  the 
diagnostic  accuracy  of  imaging  techniques.  McDonald  (personal 
communication)  suggests  that  there  is  every  reason  to  believe  that  accuracy  will 
be  less  for  those  patients  who  are  of  interest  for  this  FDI  application. 

The  optimal  time  for  follow-up  after  revascularization  has  yet  to  be  determined 
(22,  58).  The  reviewed  accuracy  studies  provide  follow-up  data  at  three  months 
after  revascularization.  It  has  been  suggested  that,  in  some  patients,  recovery 
may  occur  at  6-12  months  after  revascularization  but  longer  follow-up  may  be 
associated  with  restenosis  or  graft  occlusion  and  it  may  be  important  to  have 
serial  measurements  after  revascularization  (21,  22,  26,  58,  59). 

Among  the  questions  frequently  raised  on  the  topic  of  MV  assessment  is  that  of 
which  endpoints  should  be  used  to  determine  the  outcome  after 
revascularization.  Although  improvement  in  wall  motion  abnormality  or  EF 
may  be  important  from  a scientific  point  of  view  (objective  and  reliable 
endpoints),  from  the  clinical  (and  patient's)  point  of  view  improvement  in 
symptoms  and  survival  are  more  important. 

The  standard  used  in  most  of  the  reviewed  studies  is  the  echographic 
determination  of  improved  wall  motion  (which  suggests  improvement  of 
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regional  dysfunction).  However,  it  has  been  argued  that  wall  motion  may  have 
limited  significance  in  terms  of  improvement  in  EF,  symptoms  and  survival  (58, 
59,  71, 115).  Some  investigators  suggested  that  primary  endpoint  should  be 
improvement  in  EF  (which  suggests  recovery  in  global  function  and  has  been 
associated  with  improvement  in  symptoms  and  survival)  and  secondary 
endpoints  should  be  with  improvement  in  symptoms  and  survival  (17, 18,  58,  59, 
71).  It  has  also  been  argued  that  recovery  of  the  LV  function  after 
revascularization  of  viable  but  dysfunctional  myocardium  may  not  be  the  only, 
or  even  the  most  important  endpoint  (26,  27,  91). 

Although  the  detection  and  the  extent  of  MV  may  help  to  select  patients  who 
may  benefit  from  revascularization,  many  other  factors  affect  recovery  of  LV 
function  after  revascularization  including  the  patient's  characteristics  and 
coronary  anatomy,  presence/ absence  of  peri-operative  myocardial  infarction, 
completeness  of  revascularization,  and  graft  patency;  (12,  58,  59). 

Appraisal  of  the  reviewed  primary  studies 

In  the  reviewed  literature  the  widely  credited  role  of  cardiac  FDG  SPECT 
imaging  is  that  of  increasing  certainty  of  clinical  decisions  regarding  referral  for 
revascularization  procedures.  However,  the  published  primary  studies  are 
methodologically  weak  and  tend  to  overestimate  its  diagnostic  accuracy  and 
value.  Currently,  there  are  no  published  randomized  controlled  trials  conducted 
to  evaluate  the  diagnostic  accuracy  and  impact  of  the  use  of  FDG  SPECT  alone, 
or  in  combination  with  perfusion  imaging  for  pre-revascularization  MV 
assessment  in  patients  with  chronic  CAD  and  severely  impaired  LV  function. 

The  reviewed  correlation  and  accuracy  studies  are  limited  by  one  or  more  of  the 
following  factors: 

• studies  have  been  done  in  small  numbers  of  patients  (not  always  consecutive) 
and  have  not  included  control  groups; 

• the  majority  of  patients  had  mild  to  moderate  impaired  LV  function; 

• the  inclusion/  exclusion  criteria  used  for  patient  selection  have  not  been 
clearly  stated  and  vary  from  study  to  study,  particularly  with  the  severity  of 
baseline  LVEF  values; 

• FDG  SPECT  imaging  for  MV  assessment  should  have  been  compared  with 
functional  outcomes  after  revascularization  (as  the  reference  standard)  for  a 
definite  distinction  between  viable  and  non-viable  myocardium  since  no 
other  imaging  modality  used  for  comparisons  is  100%  accurate; 

• since  acquisition  and  interpretation  of  echocardiograms  are  strongly 
dependent  on  operator's  and  interpreter'  skills,  data  on  reproducibility  of 
results  and  interobserver  variability  should  have  been  reported; 
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• when  interpreters  of  the  reference  method  were  blinded  to  the  FDG  SPECT 
results,  adequacy  of  blinding  was  not  analyzed;  and 

• interpreters  of  FDG  SPECT  data  were  not  blinded  to  clinical  or  other  viability 
test  data. 

No  published  reports  on  studies  comparing  outcomes  of  patients  with  or  without 
viable  myocardium  on  FDG  SPECT,  who  were  followed-up  with  or  without 
revascularization  were  located. 

Conclusion 

Cardiac  FDG  SPECT  imaging  appears  a promising  technique  and  may  allow 
cardiac  FDG  imaging  in  centers  without  PET  equipment  if  511keV  collimators 
are  available  and  adequate  distribution  of  FDG  is  available.  Many  investigators 
suggest  that,  despite  its  technical  limitations,  FDG  SPECT  imaging  used  in 
combination  with  cardiac  perfusion  agents  either  sequentially  or  with  DISA 
protocols  may  become  the  method  of  choice  for  MV  assessment  because  of  its 
increased  availability,  logistics,  patient  convenience  and  cost-effectiveness 
compared  to  PET. 

The  feasibility  of  imaging  FDG  uptake  with  SPECT  has  been  demonstrated  but 
further  clinical  investigation  is  needed  to  validate  the  routine  use  of  this 
approach  for  MV  assessment  and  for  predicting  functional  improvement  after 
revascularization  in  clinical  setting.  The  use  of  FDG  SPECT  imaging  for  this 
indication  has  not  been  evaluated  in  well-designed  prospective  controlled  trials. 
The  quality  of  the  available  evidence  is  limited  in  some  respects  and  does  not 
allow  an  adequate  evaluation  of  its  potential  role  in  routine  clinical  practice. 

There  are  still  unanswered  questions  associated  with  MV  assessment: 

• What  mechanisms  define  chronic  LVD? 

• What  is  the  mechanism  of  myocardial  hibernation? 

• Which  patients  need  MV  assessment  and  what  is  the  clinical  demand? 

• How  much  viable  myocardium  is  enough  to  justify  recommendation  for 
revascularization? 

• Can  MV  assessment  be  used  to  stratify  potential  candidates  for 
revascularization  into  subgroups  of  patients  who  will  obtain  the  most 
benefit? 

• Are  patients  with  severely  depressed  LV  function  (currently,  not  clearly 
defined)  and  congestive  heart  failure,  in  whom  MV  assessment  is 
recommended,  likely  to  benefit  from  revascularization? 

These  unsolved  clinical  issues  may  affect  the  diagnostic  accuracy  and  validity  of 
FDG  SPECT  as  a cardiac  imaging  method  for  MV  assessment. 
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There  is  limited  experience  with  the  use  of  FDG  SPECT  imaging  for  MV 
assessment  in  patients  with  chronic  CAD  and  severe  LVD  and  its  role  for  this 
indication  is  yet  to  be  determined.  Currently,  few  data  are  available  on  whether 
FDG  SPECT  can  predict  improvement  in  regional  and  global  LV  function  after 
revascularization  in  these  patients  and  outcome  data  are  lacking. 
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SPECT  imaging  with  technetium  - labeled  agents  for 
myocardial  viability  assessment 

Background 

Technetium-99m  (Tc-99m)-labeled  agents  have  emerged  as  alternatives  to  Tl-201 
for  imaging  of  regional  myocardial  perfusion  and  have  been  advocated  as  MV 
markers.  Technetium  has  better  physical  and  kinetic  properties  for  gamma 
camera  imaging  than  Tl-201,  which  result  in  improved  image  quality  (56).  Its 
short  half-life  allows  a higher  injected  dose  compared  to  Tl-201,  resulting  in 
higher  count  rates.  Its  photon  energy  of  140keV  is  higher  than  that  of  Tl-201 
(70keV)  and  results  in  less  attenuation  and  scatter. 

In  addition  to  the  better  image  quality  of  Tc-99m  labeled  agents,  the  high  photon 
flux  of  technetium  permits  first-pass  acquisition  during  the  injection  of  the  tracer 
and  ECG-gated  SPECT,  providing  both  perfusion  images  and  ventricular 
function  data  at  the  same  time. 

Available  evidence  on  Tc-99m  imaging 

There  is  a lack  of  adequate  information  on  the  use  of  Tc-99m-labeled  agents  for 
MV  assessment  in  patients  with  chronic  CAD  and  LVD  (4).  Many  investigators 
have  reviewed  the  literature  on  the  use  of  Tc-99m  myocardial  imaging  (using 
planar  scintigraphy  or  SPECT)  and  addressed  the  role  and  impact  of  the 
available  and  emerging  Tc-99m  -labeled  perfusion  agents  in  these  circumstances 
(18).  The  following  sections  summarize  their  findings. 

Tc-99m  sestamibi 

TC-99m-sestamibi  (sestamibi)  is  a lipophilic  myocardial  perfusion  agent  (30), 
which  is  the  most  commonly  used  Tc-99m  labeled  agent  in  cardiac  SPECT 
imaging.  Myocardial  uptake  and  retention  of  sestamibi  are  different  from  those 
of  Tl-201.  It  passively  distributes  across  sarcolemmal  and  mitochondrial 
membranes  and  retains  chiefly  in  the  mitochondria.  Once  it  binds  to 
mitochondria,  it  remains  relatively  fixed  and  shows  little  redistribution  over 
time. 

The  myocardial  uptake  and  retention  of  sestamibi  are  flow-dependent,  allowing 
its  use  as  a perfusion  agent  for  detection  of  CAD  (18,  22,  30,  56,  57).  Since  its 
myocardial  uptake  and  retention  is  also  dependent  on  cell  membrane  integrity 
and  potential  (mitochondrial  function),  sestamibi  has  also  been  advocated  as  a 
marker  for  MV  (18,  22,  30,  56,  57). 

Experimental  and  clinical  studies  have  shown  the  validity  of  sestamibi  as  a 
marker  of  MV  when  administered  at  an  appropriate  time  during  the  course  of  an 
evolving  ischemic  injury  in  the  setting  of  myocardial  stunning  (30,  56,  57). 
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However,  it  has  been  argued  that  lack  of  significant  redistribution  of  sestamibi 
over  time  may  result  in  overestimation  of  scarred  myocardium,  when  compared 
to  Tl-201  scintigraphy  or  FDG  PET.  This  potentially  limits  its  value  for  MV 
assessment  in  resting  hypoperfusion,  especially  as  this  occurs  in  the  setting  of 
hibernating  myocardium  (4).  Separate  stress  and  rest  injections  of  sestamibi  are 
required  to  classify  defects  as  fixed  or  reversible  (76). 

Several  investigators  suggested  suggested  that  severe  ischemia  and  hvpoxia 
inhibit  the  binding  of  sestamibi  to  mitochondrial  proteins  (94, 100).  This 
inhibitory  effect  would  appear  to  reduce  the  value  of  sestamibi  as  a marker  of 
MV  under  ischemic  and  hypoxic  conditions  (94). 

The  underestimation  of  MV  with  sestamibi  imaging  has  been  reported  in  several 
studies  conducted  in  patients  with  chronic  CAD  and  LVD,  in  which  sestamibi 
imaging  was  compared  to  Tl-201  imaging  and/ or  FDG  PET  imaging  (18,  30,  56, 
57).  It  has  been  argued  that  " frequently  this  underestimation  may  be  clinically 
insignificant,,  since  "revascularization  of  a small  area  of  viable  myocardium  has 
not  been  shown  to  provide  significant  functional  improvement"  (56). 

Some  of  the  studies  comparing  rest-redistribution  Tl-201  imaging  with  sestamibi 
imaging  were  consistent  in  showing  that  sestamibi  imaging  is  less  accurate  in 
MV  detection  and  it  overestimates  perfusion  defects  in  approximately  25%  of 
myocardial  regions  in  patients  with  CAD  (18). 

The  reviewed  literature  cited  few  other  studies,  which  reported  good  correlation 
(in  up  to  90%  of  segments)  between  the  two  techniques  and  emphasized  the 
value  of  using  cut  off  level  of  50%  of  peak  activity  (maximal  counts)  for  both 
techniques.  In  most  of  these  studies,  an  independent  standard  of  reference  was 
not  used  in  detection  (18,  24,  30,  32,  57,  91,  94). 

Several  investigators  compared  sestamibi  imaging  with  FDG  PET  and  reported 
that  approximately  50%  of  the  myocardial  segments  with  moderate  or  severe 
reduction  in  sestamibi  uptake  (indicating  non-viable  myocardium)  were  viable 
on  FDG  PET  (18, 30, 32,  56,  94). 

Some  of  the  studies  comparing  sestamibi  imaging  with  improvement  of 
contractile  function  after  revascularization  reported  sensitivity  values  between 
73%  and  100%,  and  specificity  values  between  35%  and  86%  (18,  22,  30,  56).  No 
published  data  are  available  on  the  diagnostic  accuracy  of  sestamibi  imaging  for 
prediction  of  improvement  of  global  function  (patient-based  analysis  of 
improvement  in  LVEF)  (22). 

New  developments 

Several  approaches  have  been  advocated  to  improve  the  diagnostic  accuracy  of 
sestamibi  imaging  for  MV  assessment.  They  include  stress-rest  imaging, 
ECG-gated  SPECT,  quantitative  analysis,  delayed  imaging  after  tracer 
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administration,  tissue  attenuation  correction  methods,  and  administration  of 
nitrate  before  sestamibi  injection  (18).  Combined  rest  Tl-201  imaging  and  stress 
sestamibi  imaging  has  also  been  proposed  for  MV  assessment  (56). 

Recent  clinical  studies  in  relatively  small  numbers  of  patients,  using  approaches 
such  as  quantitative  analysis,  acquisition  of  delayed  redistribution  of  sestamibi 
images  and  nitrate  administration,  reported  results  of  value  comparable  to  those 
from  using  Tl-201  imaging  (18). 

Franken  et  al.  (48),  reviewed  the  relative  merits  and  limitations  of  SPECT 
imaging  with  sestamibi  for  MV  assessment  in  patients  with  CAD  and  LVD. 
Sestamibi  appeared  as  a "challenging  alternative"  to  Tl-201,  "provided  that 
quantitation  is  performed,  that  redistribution  images  are  acquired  after  rest 
injection,  and  that  tracer  administration  takes  place  after  nitrate  administration". 
They  pooled  data  from  three  studies  (51  patients,  166  segments)  and  found  that 
results  obtained  with  sestamibi  compare  favorably  with  those  for  Tl-201,  with  a 
PPV  of  89%,  a NPV  of  82%,  and  an  overall  accuracy  of  85%  for  functional 
improvement  after  revascularization.  However,  caution  is  warranted  on  these 
values  because  functional  follow-up  was  reported  in  a small  number  of  patients 
(48). 

Clinical  studies  are  conflicting  with  respect  to  the  value  of  the  quantitative 
sestamibi  imaging  (30,  56,  91).  Many  of  these  studies  have  not  used  an 
independent  standard  of  reference  for  comparison  and  have  compared  the  two 
tracers  with  identical  arbitrary  cut  off  values  optimized  for  Tl-201  (30,  91).  It  has 
been  argued  that  quantitative  estimates  of  perfusion  defects  detected  by  Tl-201  or 
sestamibi  are  different  due  to  their  different  physical  properties  (91).  Thus,  a 
distinct  cut  off  value  for  MV  optimized  for  sestamibi  or  a precise  quantitation  of 
the  defect  severity  on  a continuous  scale  should  be  used  to  determine  its  ability 
to  predict  accurately  functional  recovery  after  revascularization  (91). 

Studies  using  the  administration  of  nitrate  before  sestamibi  injection  reported  a 
sensitivity  ranging  from  88%  and  95%  (weighted  mean  of  91%)  and  a specificity 
of  88%-89%  (22). 

Due  to  the  high  count  rate  of  technetium,  sestamibi  imaging  permits  a functional 
evaluation  of  the  left  ventricle  by  first-pass  radionuclide  ventriculography  or 
ECG-gated  acquisition  of  SPECT  perfusion  images.  With  a single  sestamibi 
injection,  evaluation  of  both  function  (global  EF,  regional  wall  motion  and 
thickness)  and  perfusion  of  myocardium  has  been  accomplished  (30).  It  has  been 
suggested  that  functional  data  obtained  from  gated  SPECT  imaging  may  enhance 
the  ability  of  sestamibi  to  assess  MV  (56,  59,  91).  However,  it  has  been  argued 
that  in  case  of  low  blood  flow,  when  count  rates  are  severely  reduced,  LV 
function  cannot  be  assessed  reliably  by  this  approach. 

The  investigators  who  reviewed  the  published  results  of  the  primary  research  on 
the  use  of  sestamibi  imaging  for  MV  assessment  in  patients  with  chronic  CAD 
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and  LVD  conclude  that  its  role  for  this  indication  has  been  and  remains 
controversial  (18,  22,  24,  30,  32,  56,  57,  76,  91,  95).  The  majority  of  clinical  studies 
reported  on  the  tendency  of  sestamibi  imaging  to  underestimate  the  existence  of 
MV  in  patients  with  chronic  CAD  and  LVD  when  FDG  PET  and  post- 
revascularization functional  recovery  are  used  as  standards  of  reference. 

However,  these  studies  took  a variety  of  approaches  and  do  not  allow  direct 
comparison  among  them.  Differences  in  the  reported  results  may  have  been 
influenced  by  the  different  protocols  used  and  the  methodological  limitations  to 
the  studies  (e.g.,  sestamibi  as  a marker  of  MV  has  been  tested  in  a relatively  small 
number  of  patients  with  CAD  and  LVD;  emphasis  has  been  placed  on  segmental 
analysis;  functional  follow-up  has  been  obtained  in  a limited  number  of  patients) 
(30, 48, 100).  More  studies,  with  larger  sample  size  and  better  design,  are  needed 
to  determine  the  role  of  sestamibi  imaging  for  MV  assessment  in  these  patients. 

Other  Tc-99m  labeled  agents 

Recently,  other  Tc-99m  labeled  myocardial  perfusion  agents  such  as  teboroxime, 
tetrofosmin,  furifosmin  and  Tc-99m-N-NOET  have  been  developed  and  are 
currently  under  investigation  (18,  30,  56,  76). 

Teboroxime  is  a perfusion  agent  that  is  chemically  different  from  sestamibi.  It 
has  high  early  myocardial  extraction,  rapid  blood  clearance  and  rapid 
myocardial  washout  (more  rapid  washout  from  the  normal  segments  than  from 
ischemic  segments)  (30,  56).  It  has  been  suggested  that  the  differential  washout 
may  be  helpful  in  MV  assessment.  To  date,  limited  information  is  available 
regarding  the  use  of  teboroxime  as  a marker  for  MV  in  patients  with  LVD  (56).  It 
has  been  suggested  that  this  agent  is  not  suitable  for  MV  assessment  (18,  30). 

Tetrofosmin  and  furifosmin  have  chemical  characteristics  similar  to  sestamibi 
(30,  56,  76),  although  with  tetrofosmin  liver  clearance  is  faster  and  it  gives 
slightly  better  image  quality  (76).  Since  it  has  little  redistribution  over  time,  it 
has  been  suggested  that  tetrofosmin  may  have  limitations  for  MV  assessment 
(30).  Preliminary  results  reported  a high  concordance  between  resting 
tetrofosmin  and  rest-redistribution  Tl-201  uptake  for  MV  assessment  with 
quantitative  SPECT  imaging  (24,  76).  However,  the  application  of  tetrofosmin 
and  furifosmin  for  MV  assessment  is  very  limited  (18,  56). 

Tc-99m-N-NOET  has  demonstrated  redistribution  similar  to  that  of  Tl-201  (56). 
However,  no  clinical  data  on  its  ability  to  assess  MV  in  the  clinical  setting  are 
available  (18,  56). 
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Appendix  A:  Methodology 


A literature  search  for  articles  published  between  1993  and  November  1998, 
which  reported  studies  on  human  subjects,  was  conducted.  Sources  of 
information  included  the  following  electronic  databases:  EMBASE,  MEDLINE, 
ECRLs  database.  The  literature  search  was  kept  updated  during  the  review. 

The  words  'coronary  disease',  'coronary  artery  disease',  'ventricular  dysfunction, 
left',  'diagnostic  imaging',  'positron  emission  tomography',  'tomography, 
emission-computed',  'nuclear  magnetic  resonance',  'magnetic  resonance  imaging', 
were  used  as  subject  headings. 

The  text  words  and  phrases  such  as  'myocardial',  "myocardial  infarction', 
viability  or  viable',  'myocardial  viability',  'functional1,  'functional  imaging', 
'positron  emission  tomography',  'PET',  ’MRI’,  'magnetic  resonance  spectroscopy', 
'MRS',  'dobutamine',  'echocardiography',  'dobutamine  echocardiography', 
'SPECT',  'fluorine-18-fluorodeoxy  glucoze',  HC-acetate',  'carbon-ll-acetate', 
'technetium',  'thallium',  'cost$',  'economic$',  'economic  aspect',  'costs  and  cost 
analysis'  were  used  alone  or  in  combination  to  ensure  a high  recall  rate  of  the 
relevant  references. 

For  each  of  the  citations  considered,  the  abstract  was  read  (where  available)  and 
articles  were  excluded  if  they  were  outside  the  scope  of  the  analysis.  From  the 
references  identified,  a selection  was  made  and  full  articles  that  met  the 
following  criteria  were  retrieved: 

• articles  reporting  results  of  prospective  and  retrospective  studies  (with  series 
larger  than  10  subjects)  in  which  the  diagnostic  accuracy  and  validity  of  each 
of  the  selected  FDI  techniques  was  evaluated  in  patients  with  chronic  coronary 
artery  disease  and  LV  dysfunction  who  are  potential  candidates  for 
revascularization;  only  articles  that  contained  accuracy  data  (sensitivity, 
specificity,  positive  and  negative  predictive  values)  or  sufficient  details  so  that 
accuracy  data  could  be  calculated; 

• articles  reporting  results  of  studies  that  compared  the  functional  outcome  of 
individuals  with  and  without  viable  myocardium  on  each  of  the  selected  FDI 
technique  who  were  followed-up  with  or  without  revascularization; 

• articles  containing  background  information  about  selected  FDI  techniques. 

Studies  in  patients  with  acute  ischemic  syndromes  were  excluded. 

Editorials,  letters,  case  reports  and  technical  reports  were  excluded  unless  they 
provided  information  on  clinical  issues  associated  with  MV  assessment, 
characteristics  of  the  selected  FDI  techniques,  their  cost,  advantages  and 
limitations,  that  was  not  available  elsewhere. 
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The  reference  lists  of  the  reports  obtained  through  these  searches  were  screened 
for  additional  articles. 

Methodological  quality  of  the  primary  studies  included  in  the  review  was 
considered  in  terms  of  the  criteria  covering  study  design,  study  population, 
characteristics  of  the  assessed  FDI  technique,  determination  of  diagnostic 
accuracy  and  validity,  and  influence  on  management  and  outcomes.  These 
criteria  were  formulated  having  regard  to  the  information  needed  to  confidently 
evaluate  the  relative  merits  of  the  selected  FDI  techniques  for  prediction  of 
recovery  of  LV  function  after  revascularization,  in  order  to  define  their  place  in 
routine  use. 

The  following  were  the  criteria  used  for  the  appraisal  of  the  accuracy  studies 
included  in  the  review: 

Study  design : study  prospective  or  if  retrospective  patient  selection  blind  to 
results 

Description  of  study  population : consecutive  patients  selected  or  valid  justification 
provided  for  seection  method;  subjects  adequately  described,  mtach  target 
population;  inclusion,  exclusion  criteria  adequately  described. 

Characteristics  of  the  assessed  FDI  technique:  test  method,  criteria  for  detecting 
viability  adequately  described;  reproducibility  of  results,  inter-observer 
variability  described. 

Determination  of  diagnostic  accuracy  and  validity:  well  defined  reference  method, 
adequately  described;  interpreters  of  any  viability  test  blinded  to  the  results  of 
the  other  tests;  evidence  that  selection  for  revascularization  not  influenced  by  the 
assessed  viability  tests;  evidence  that  revascularization  procedure  not  affected  by 
test  results;  supporting  data  for  accuracy  measures  reported;  statistics  on 
analytical  performance  reported  with  tests  for  statistical  significance  or 
confidence  intervals. 

For  the  appraisal  of  the  outcome  studies  included  in  the  review,  the  following 
criteria  were  used: 

Study  design:  groups  assigned  to  different  treatments  are  matched  or  any 
differences  evaluated  in  a valid  statistical  analysis.;  study  prospective  or  if 
retrospective , selection  of  patients  blinded  to  outcomes. 

Description  of  study  population:  consecutive  subjects  selected  or  valid  justification 
of  selection  method  provided;  subjects  adequately  described;  inclusion  and 
exclusion  criteria  adequately  described;  study  population  matches  target 
population;  sample  size  adequate  for  statistically  significant  results. 

Characteristics  of  the  assessed  FDI  technique:  test  method,  criteria  for  detecting 
viability  adequately  described. 
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Follow-up  and  outcome  analysis : follow-up  reported  of  treated  and  untreated 
subjects,  including  those  in  whom  the  assessed  method  did  not  provide 
diagnostic  information;  all  patients  deceased  or  lost  to  follow-up  reported  or 
dealt  with  in  statistical  analysis;  follow-up  period  range  and  mean  given 
including  period  from  revascularization;  follow-up  period  long  enough  for 
meaningful  results;  details  of  treatments  given;  evidence  that  selection  for 
treatment  not  influenced  by  test;  outcome  assessment  blind  to  diagnostic  data; 
clear  specification  of  clinically  relevant  outcome  measures;  valid  statistical 
analysis  of  outcome  data. 
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